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(5 7) Abstract: 

PROBLEM TO BE SOLVED: To obtain a large-area and high-quality 
industrially practicable GaN semiconductor substrate, a manufacturing 
method thereof and a semiconductor light emitting element. 
SOLUTION: An InrAlsGal-r-sN (0<r<1, 0<s<1, r+s<1) single-crystal film 52 
is formed on a first substrate 50, pasted on a second substrate 53 having 
approximately the same thermal expansion coefficient as that of the 
InrAlsGal-r-sN (0<r<1, 0<s<1, r+s<1) single crystal and separated from the 
first substrate 50, an InxAiyGa 1 -x-y N (0<x<1, 0<y<1, x+y<1) single crystal 
54 is epitaxially grown on the InrAlsGal-r-sN single crystal film 52, this film 
52 pasted on the second substrate 53, and the InxAiyGa 1-x-yN single 
crystal 54 is separated from the second substrate 53. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original precisely. 

2, **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 

[Claim(s)] ~ " ~~ ~~ ~ " ~~~ """" """" ~~ = 

[Claim 1] The process which forms an InrAlsGaO-r-s) N (0<=r<=1, 0<=s<=1, r+s<=1) single crystal thin film in the 1st 
substrate, The process at which an InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1 ( x+y<=1) single crystal and a coefficient of thermal 
expansion stick an InrAlsGa(l-r-s) N (0<=K=1, 0<=s<=1, r+s<=1) single crystal thin film on the 2nd almost equivalent 
substrate, The process which separates an InrAlsGaO -r-s) N (0<=r<=1, 0<=s<=1, r+s<=1) single crystal thin film from the 1st 
substrate, On the InrAlsGaO-r-s) N (0<=r<=1, 0<=s<=1, r+s<=1) single crystal thin film stuck on the 2nd substrate The 
process which grows epitaxially an InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal, According to the process 
which separates an InxAlyGaO -x-y) N (0<=x<=1 , 0<=y<=1, x+y<=1) single crystal from the 2nd substrate The production 
method of the semiconductor substrate characterized by producing an InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single 
crystal as a semiconductor substrate. 

[Claim 2] It is the production method of the semiconductor substrate characterized by the 2nd substrate being a polycrystal 
IntAluGaO -t-u) N (0<=t<=1 , 0<=u<=1 , t+u<=1 ) substrate in the production method of a semiconductor substrate according to 
claim 1. 

[Claim 3] In the production method of a semiconductor substrate according to claim 2 An InrAlsGaO -r-s) N (0<=K=1, 
0<=s<=1, r+s<=1) single crystal thin film, The production method of a polycrystal IntAluGaO -t-u) N (0<=t<=1, 0<=u<=1, 
t+u<=1) substrate and the semiconductor substrate characterized by all composition of an InxAlyGaO -x-y) N (0<=x<=1, 
0<=y<=1, x+y<=1) single crystal being the same. 

[Claim 4] The process which forms an IntAluGaO -t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) single crystal thin film in the 1st 
substrate, The process which separates an IntAluGaO -t-u) N (0<=t<=1, 0<=u<=1 , t+u<=1) single crystal thin film from the 1st 
substrate, The process which sticks an IntAluGaO -t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) single crystal thin film on the 2nd 
substrate through a low melting point metal, On the IntAluGaO -t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) single crystal thin film 
stuck on the 2nd substrate, at the temperature beyond the melting point of a low melting point metal The process which 
grows epitaxially an InxAlyGa(l-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal, According to the process which separates 
an InxAlyGaO-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal from the 2nd substrate at the temperature beyond the 
melting point of a low melting point metal The production method of the semiconductor substrate characterized by producing 
an InxAlyGaO-x-y) N (0<=x<=1 , 0<=y<=1 , x+y<=1) single crystal as a semiconductor substrate. 
[Claim 5] The process which forms an IntAluGaO -t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) single crystal thin film in the 1st 
substrate, The process which separates an IntAluGaO -t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) single crystal thin film from the 1st 
substrate, The process which sticks an IntAluGaO -t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) single crystal thin film on the 2nd 
substrate through the metal Ga of a melting state, On the IntAluGaO -t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) single crystal thin 
film stuck on the 2nd substrate, at the temperature beyond the melting point of Metal Ga The process made to cool without 
growing epitaxially an InxAlyGa(l-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal, and making Metal Ga solidify, According 
to the process which separates an InxAlyGaO-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal from the 2nd substrate at 
the temperature beyond the melting point of Metal Ga The production method of the semiconductor substrate characterized 
by producing an InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal as a semiconductor substrate. 
[Claim 6] It is the production method of the semiconductor substrate characterized by the 1st substrate of the above having 
the coefficient of thermal expansion of the same grade as an IntAluGaO -t-u) N (0<=t<=1 ( 0<=u<=1, t+u<=1) single crystal 
thin film in the production method of a semiconductor substrate according to claim 4 or 5. 

[Claim 7] The semiconductor substrate characterized by the bird clapper from the InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, 
x+y<=1) single crystal produced by any 1 term of a claim 1 or a claim 6 by the production method of a publication. 
[Claim 8] The semiconductor light emitting device characterized by carrying out the laminating of the GaN system 
semiconductor laminated structure expressed with general formula InvAlwGaO -V-W) N (0<=v<=1, 0<=w<=1, v+w<=1) 
containing at least one PN junction, and constituting it on the semiconductor substrate of the InxAlyGaO -x-y) N (0<=x<=1, 
0<=y<=1, x+y<=1) single crystal of a claim 7. 



[Translation done.] 
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DETAILED D ESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the semiconductor substrate used for the light 
sources for optical pickups, such as DVD and CD, etc., its production method, and a semiconductor light emitting device. 
[0002] 

[Description of the Prior Art] Although brightness is small and blue Light Emitting Diode had a difficulty in utilization 
conventionally compared with red or green In the GaN system compound semiconductor expressed with a general formula 
InAIGaN in recent years By having obtained improvement in the crystal-growth technology by using a low-temperature AIN 
buffer layer or a low-temperature GaN buffer layer, and the p type semiconductor layer of low resistance which doped Mg 
Blue Light Emitting Diode of high brightness was put in practical use, and further, although it did not result in utilization, the 
semiconductor laser which carries out continuous oscillation at a room temperature was realized. 

[0003] By the way, generally, when growing a quality semiconductor layer epitaxially on a substrate, the lattice constant and 
coefficient of thermal expansion of a substrate and a semiconductor layer need to be of the same grade. However, at 
ipresent, the substrate with which a GaN system semiconductor is simultaneously satisfied of these does not exist. Although 
the attempt which produces a GaN bulk single crystal is made now, the actual condition is that only the about several mm 
thing is still obtained, and it is in a state far from utilization. Therefore, generally they are sapphire and MgAI 204. It is 
growing up on a substrate which a lattice constant and a coefficient of thermal expansion are large, and is different from a 
spinel and a GaN system semiconductor like SiC. Therefore, with the GaN system semiconductor, the technology which 
suppresses generating of the crystal defect which originates in the difference in the lattice constant of a substrate and a 
semiconductor laser crystal or a coefficient of thermal expansion for production of the semiconductor laser which needs a 
quality crystal layer is used. 

[0004] Drawing 1 2 is a cross section of the conventional end-face luminescence type semiconductor laser shown in 
reference "Applied Physics Letters Vol.72(1998) P.211", and although the above technology was used, the number of the 
semiconductor laser of drawing 1 2 is also one. The conventional semiconductor laser shown in drawing 1 2 is formed on the 
low defective substrate produced combining a selective growth and lateral growth. 

[0005] That is, the semiconductor laser of drawing 1 2 is produced by the following methods. First the low-temperature 
buffer layer 112 which consists of n type GaN on the sapphire (20aluminum3 single crystal) substrate 1 1 1 which makes a 
principal plane a field (0001) with a thickness of 100-300 micrometers, and the elevated-temperature buffer layer 113 which 
consists of n type GaN are grown up. Subsequently, Si02 is deposited on the front face of the n type GaN layer 113, a 
stripe-like pattern is opened, and the selective-growth mask 1 14 is formed. Next, the front face of the GaN layer 113 
exposed from this mask is made to carry out the selective growth of the GaN. And further, growth is continued, lateral 
growth of a up to [ a mask front face ] is performed, finally an n type GaN single crystal layer with a thickness of about 20 
micrometers is formed, and it is considering as the substrate for semiconductor laser crystal growths. 

[0006] And semiconductor laser structure The n-ln0.1Ga0.9N crack prevention layer 115, n-aluminum0.14Ga0.86 N/GaN The 
' MD-SLS (modulation dope strained super lattice) clad layer 116, the n-GaN light-guide layer 117, and InO.15GaO.85 
N/In0.02Ga0.98N The MQW barrier layer 118, the p-aluminumO.2GaO.8N transposition propagation prevention layer 119, the 
p-GaN layer light-guide layer 120, the p-aluminum0.14Ga0.86 N/GaNMD-SLS clad layer 121, and the cap layer 122 that 
consists of a p type GaN layer by the MOCVD method The laminating is carried out one by one. By carrying out dry etching 
of this semiconductor layer by which the laminating was carried out to the shape of a ridge, an optical waveguide and an 
optical-resonator end face are formed, and semiconductor laser is formed by forming the n lateral electrode 125 and the p 
lateral electrode 123 in the cap layer 122 which is a surface of the n-GaN layer 113 exposed by etching, and the 
semiconductor layer by which the laminating was carried out further, respectively. 

[0007] By development of the semiconductor laser formation technology to the low defective substrate top produced 
combining the selective growth and lateral growth which were shown in drawing 12 , the life of the room temperature 
continuous oscillation of semiconductor laser is also prolonged with low-power output near the room temperature till about 
estimated 10000 hours. Concretely, the life of continuous oscillation (20 degrees C and 2mW) is prolonged by such GaN 
system semiconductor laser of structure till about estimated 10000 hours. 

[0008] however, the cleavage plane of the light emitting device which used a conventional GaN system compound 
semiconductor layer like drawing 1 2 of a substrate and a GaN system compound semiconductor not necessarily corresponds 
in order to grow up to be the different-species substrate from which the crystal structure differs — ********** — 
formation of a laser cavity end face — laser, such as the conventional AlGaAs system, — it is difficult to carry out by the 
cleavage method [ like ] 

[0009] In the conventional example of drawing 1 2 , the optical-resonator end face is produced by methods, such as dry 
etching. Therefore, processes, such as removal of formation of the mask for dry etching, dry etching, and a mask, were 
needed, and the production process was also complicated. The smooth nature — since it is not yet established, there is 
vertical-reinforcement-like irregularity in the formed resonator mirror, and the dry etching technology of a GaN system , 
compound semiconductor is formed in the shape of a taper — parallelism, and perpendicularity were not yet still more 
enough. Moreover, when a resonator mirror was formed by dry etching, in order that a substrate might remain as a terrace 
ahead of a resonator mirror end face, light was reflected by this terrace and the shape of beam did not become a single crest 
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[0010] Moreover, since silicon on sapphire was insulation, the light emitting device which used the conventional GaN system 
compound semiconductor formed on silicon on sapphire was not able to take an electrode from a substrate rear face. 
Therefore, an electrode will be formed in an element front face, and when mounting which forms and carries out die bonding 
of the electrode to a substrate rear face like laser, such as the conventional AIGaAs system, was not able to be performed, 
the problem that chip area became large only in the part of the space of an electrode also remained. Moreover, in thermally 
conductive elevated-temperature operation from badness or thermally conductive high power operation of silicon on 
sapphire, the life was extremely short 

[0011] Although the case where a c - th (0001) page SiC substrate and 20MgAI(1 11)4 substrate are used is reported about 
the GaN system laser element in substrates other than silicon on sapphire, in using a SiC substrate, a crack enters at the 
time of a crystal growth from the difference in the coefficient of thermal expansion of SiC and a GaN system semiconductor, 
and formation of the laminated structure of thickness sufficient as laser structure is difficult, and has not resulted in room 
temperature continuous oscillation. Moreover, (111), since it is insulation like sapphire when using 20MgAI4 substrate, an 
electrode cannot be formed in a substrate rear face. 

[0012] The report which separated the GaN system semiconductor layer which carried out the crystal growth from the 
substrate on silicon on sapphire that the trouble of the GaN system semiconductor laser produced by such dissimilar- 
material substrate should be solved, produced the GaN substrate, and produced GaN system semiconductor laser is also 
made. 

[0013] Drawing 13 is a cross section of the conventional end-face luminescence type semiconductor laser shown in 
reference "Jpn.J.Appl.Phys.Vol.37(1998) pp.L309-L312", and the laser structure of the structure as drawing 1 2 where the 
semiconductor laser of drawing 1 3 is the same is formed on a GaN substrate. 

[0014] The semiconductor laser of drawing 13 a field (0001) namely, on the substrate 131 with a thickness of 80 micrometers 
it is thin from GaN made into a principal plane The elevated-temperature buffer layer 132 and the n-In0.1Ga0.9N crack 
prevention layer 133 which consist of n type GaN, n-aluminum0.14Ga0.86 N/GaN The MD-SLS (modulation dope strained 
super lattice) clad layer 134, the n-GaN light-guide layer 135, InO.15GaO.85 N/In0.02Ga0.98N The MOW barrier layer 136, the 
p-a!uminum0.2Ga0.8N transposition propagation prevention layer 137, the p-GaN layer light-guide layer 138, p~ 
aluminum0.14Ga0.86 N/GaN The MD-SLS clad layer 139 and the cap layer 140 which consists of a p type GaN layer by the 
MOCVD method The laminating is carried out one by one. By carrying out dry etching of this semiconductor layer by which 
the laminating was carried out to the shape of a ridge, an optical waveguide is formed and semiconductor laser is formed by 
forming the n lateral electrode 143 and the p lateral electrode 141 in the cap layer 140 which is a surface of the n-GaN layer 
132 exposed by etching, and the semiconductor layer by which the laminating was carried out further, respectively. The 
resonator mirror of laser is produced by the cleavage. 

[0015] Thus, on the low defective substrate of the semiconductor laser shown in drawing 12 , the GaN substrate of drawing 
13 produces what grew the GaN layer about 1 00 micrometers instead of the laminated structures 1 1 5-1 22 of semiconductor 
laser, after that, carries out polish removal of the silicon on sapphire, and is produced as a GaN substrate with a thickness of 
80 micrometers. 

[001 6] Moreover, since the end-face luminescence type semiconductor laser shown in drawing 13 is formed on the GaN 
substrate, formation of a resonator mirror can be performed by the cleavage. Consequently, there was no reflection by the 
substrate and the shape of beam became a single crest Moreover, since thermal conductivity is high compared with silicon 
on sapphire, the thermolysis property improved, high power operation was attained, and, as for the life, 50 degrees C and 
30mW operation have also been prolonged till 250 hours. 

[001 7] Like the example of drawing 1 3 , after growing up a GaN system semiconductor thickly on a single crystal substrate, a 
GaN system semiconductor layer is separated from a substrate, and some methods of producing a GaN system 
semiconductor substrate are proposed. For example, after forming the buffer layer which consists of ZnO on silicon on 
sapphire and growing up a GaN system semiconductor on it, dissolution removal of the buffer layer is carried out, and the 
method of separating and producing a substrate and a GaN system semiconductor is indicated by JP,7-202265,A and JP,7- 
165498.A. 

[0018] Moreover, the 1st wafer with which the GaN system semiconductor grew on the 1st substrate, and the 2nd wafer with 
which the GaN system semiconductor grew on the 2nd substrate are prepared, and as each GaN system semiconductors 
stick the 1 st wafer and 2nd wafer, after pasting up, the method of carrying out polish removal of the 1 st substrate and 2nd 
substrate is indicated by JP,1 0-2292 1 8,A. 
[0019] 

[Problem(s) to be Solved by the Invention] As mentioned above, by the technology of a low-temperature buffer layer, or the 
production technology of the low defective substrate by the combination of a selective growth and lateral growth, the crystal 
growth of the quality GaN system compound semiconductor to a different-species substrates top, such as sapphire, became 
possible, and reinforcement at the time of low-power output operation near the room temperature of GaN system 
semiconductor laser was attained Furthermore, a GaN substrate is produced and an improvement of the property of GaN 
system semiconductor laser is being expected by using this substrate. However, an industrially utilizable large area and an 
industrially utilizable quality GaN substrate are not yet realized. 

[0020] Since the curvature of a wafer will arise by the production method of the GaN substrate shown in drawing 13 
according to the coefficient-of-thermal-expansion difference of GaN and silicon on sapphire if thick GaN is grown up, it is 
difficult to carry out polish removal of the silicon on sapphire whose diameter is about 2 inches. That is, it was difficult to 
produce the GaN substrate of a large area by the method of polish removal of a substrate like before. Moreover, as for the 
property of semiconductor laser, it was not necessarily good that a defect was introduced into a GaN layer, crystallinity 
became bad in process of the silicon-on-sapphire polish for this curvature, and the threshold current density of the 
semiconductor laser produced on it increased etc. 

[0021] Moreover, as each GaN system semiconductors stick the 1st wafer and 2nd wafer which are indicated by JP.10- 
22921 8,A, after pasting up, since a wafer will curve if GaN is thickly grown up by the method of removing the 1st substrate 
and 2nd substrate, by the difference in the coefficient of thermal expansion of a substrate and a GaN system semiconductor, 
with the wafer of a large area, GaN system semiconductors may not stick completely all over a wafer. Moreover, a crack may 
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enter in process of adhesion. Furthermore, in order to carry out polish removal of the 1st substrate and 2nd substrate, two 
expensive substrates will be used to produce one GaN substrate, and there were also problems, such as becoming high cost 
[0022] Moreover, the technology shown in JPJ-202265.A and JP.7-165498A i.e., the technology which produces the GaN 
substrate which does not require polish removal of a substrate, took the long time very much carrying out dissolution 
removal of the buffer layer which consists of ZnO of a thin film, and utilization was difficult 

[0023] this invention solves the trouble of the production method of such a conventional GaN system semiconductor 
substrate, and aims at offering the semiconductor substrate, its production method, and semiconductor light emitting device 
of an industrially utilizable large area and a quality GaN system. 
[0024] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, invention according to claim 1 The process 
which forms an InrAlsGaO -r-s) N (0<=r<=1, 0<=s<=1, r+s<=1) single crystal thin film in the 1st substrate, The process at 
which an InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal and a coefficient of thermal expansion stick an 
InrAlsGaO -r-s) N (0<=r<=1, 0<=s<=1 , r+s<=1) single crystal thin film on the 2nd almost equivalent substrate, The process 
which separates an InrAlsGaO -r-s) N (0<=r<-1, 0<=s<=1, r+s<=1) single crystal thin film from the 1st substrate, On the 
InrAlsGaO -r-s) N (0<=r<=1, 0<=s<=1, r+s<=1 ) single crystal thin film stuck on the 2nd substrate The process which grows 
epitaxially an InxAlyGa(l-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal, According to the process which separates an 
InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal from the 2nd substrate, it is characterized by producing an 
InxAlyGaO-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal as a semiconductor substrate. 

[0025] Moreover, invention according to claim 2 is characterized by the 2nd substrate being a polycrystal IntAluGa(l-t-u) N 
(0<=t<=1, 0<=u<=1, t+u<=1) substrate in the production method of a semiconductor substrate according to claim 1. 
[0026] Moreover, invention according to claim 3 is set to the production method of a semiconductor substrate according to 
claim 2. An InrAlsGaO -r-s) N (0<=r<=1, 0<=s<=1, r+s<=1) single crystal thin film, It is characterized by all composition of a 
polycrystal IntAluGa(l-t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) substrate and an InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) 
single crystal being the same. 

[0027] The process at which invention according to claim 4 forms an IntAluGaO -t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) single 
crystal thin film in the 1st substrate, The process which separates an IntAluGa(l-t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) single 
crystal thin film from the 1st substrate, The process which sticks an IntAluGaO-t-u) N (0<=t<=1, 0<=u<=1 , t+u<=1) single 
crystal thin film on the 2nd substrate through a low melting point metal, On the IntAluGaO-t-u) N (0<=t<=1, 0<=u<=1, 
t+u<=1) single crystal thin film stuck on the 2nd substrate, at the temperature beyond the melting point of a low melting point 
metal The process which grows epitaxially an InxAlyGaO-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal, According to the 
process which separates an Inx AlyGaO -x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal from the 2nd substrate at the 
temperature beyond the melting point of a low melting point metal It is characterized by producing an InxAlyGaO -x-y) N 
(0<=x<=1, 0<=y<=1, x+y<=1) single crystal as a semiconductor substrate. 

[0028] Moreover, the process at which invention according to claim 5 forms an IntAluGaO -t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) 
single crystal thin film in the 1st substrate, The process which separates an IntAluGaO -t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) 
single crystal thin film from the 1st substrate, The process which sticks an IntAluGaO -t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) 
single crystal thin film on the 2nd substrate through the metal Ga of a melting state, On the IntAluGaO -t-u) N (0<=t<=1, 
0<=u<=1, t+u<=1) single crystal thin film stuck on the 2nd substrate, at the temperature beyond the melting point of Metal Ga 
The process made to cool without growing epitaxially an InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal, and 
making Metal Ga solidify, According to the process which separates an InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single 
crystal from the 2nd substrate at the temperature beyond the melting point of Metal Ga It is characterized by producing an 
InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal as a semiconductor substrate. 

[0029] Moreover, as for the 1st substrate of the above, invention according to claim 6 is characterized by having the 
coefficient of thermal expansion of the same grade as an IntAluGaO -t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) single crystal thin 
film in the production method of a semiconductor substrate according to claim 4 or 5. 

[0030] Moreover, invention according to claim 7 is characterized by the bird clapper from the InxAlyGaO -x-y) N (0<=x<=1, 
0<=y<=1, x+y<=1) single crystal with which the semiconductor substrate was produced by any 1 term of a claim 1 or a claim 
6 by the production method of a publication. 

[0031] A semiconductor light emitting device invention according to claim 8 moreover, on the semiconductor substrate of the 
InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal of a claim 7 It is characterized by carrying out the laminating of 
the GaN system semiconductor laminated structure expressed with general formula InvAlwGaO -V-W) N (0<=v<=1, 0<=w<=1, 
v+w<=1) containing at least one PN junction, and constituting it 
[0032] 

[Embodiments of the Invention] Hereafter, the operation gestalt of this invention is explained based on a drawing. Drawing 1 
is drawing showing the example of a production process of the semiconductor substrate concerning this invention. The 
process which forms the InrAlsGaO -r-s) N (0<=r<=1, 0<=s<=1, r+s<=1) single crystal thin film 52 in the a. 1st substrate 50 
(single crystal substrate) in the example of a production process of drawing 1 (drawing 1 (a)), b. The process at which an 
InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal and a coefficient of thermal expansion stick the InrAlsGaO -r-s) 
N (0<=r<=1, 0<=s<=1, r+s<=1) single crystal thin film 52 on the 2nd almost equivalent substrate 53 (drawing 1 (b)), c. The 
process which separates the InrAlsGaO -r-s) N (0<=r<=1, 0<=s<=1, r+s<=1) single crystal thin film 52 from the 1st substrate 
(single crystal substrate) 50 (drawing 1 (c)), d. on the InrAlsGaO -r-s) N (0<=r<=1, 0<=s<=1, r+s<=1) single crystal thin film 52 
stuck on the 2nd substrate 53 The process which grows epitaxially the InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single 
crystal 54 (drawing 1 (d)), e. It has the process (drawing 1 (e)) which separates the InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, 
x+y<=1) single crystal 54 from the 2nd substrate 53. Finally, the InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal 
substrate 54 is produced. 

[0033] Here, as the 1st substrate (single crystal substrate) 50, the c-th page (0001) of sapphire, the a-th page (11-20) of 
sapphire, MaAI204 spinel (111) sides, the c-th page (0001) of 6 H-SiC, the m-th page (1-100) of 6 H-SiC etc., etc. are 
usable. 

[0034] Moreover, in the process of a, as the crystal-growth method of the InrAlsGaO -r-s) N (0<=r<=1, 0<=s<=1, r+s<=1) 
single crystal thin film 52, although meanses, such as MOCVD, HVPE, and MBE, are usable You may use the other methods, 



http://www4.ipdljpo.gojp/cgi-bin/tran.web.cgLeije 



03/08/27 



4/12*— i? 



as long as it is the method that the crystal growth of the InrAlsGaO -r-s) N (0<=r<=1. 0<=s<=1, r+s<=1) single crystal thin 
film 52 can be carried out to the 1st substrate (single crystal substrate) 50 instead of what is limited to the above-mentioned 
method. Moreover, in case the InrAlsGaO -r-s) N (0<=r<=1 , 0<=s<=1, r+s<=1) single crystal thin film 52 is grown up The 
surface layer of the crystal layer which did not interfere even if it deposited low-temperature buffer layers, such as GaN and 
AIN, previously, and grew using the 1st substrate (single crystal substrate) 10 should just be an InrAlsGaO -r-s) N (0<=r<=1, 
0<=s<=1, r+s<=1) single crystal. 

[0035] In the process of b as the 2nd substrate 53 Moreover, a single crystal Or the molybdenum substrate (6x10-6k-1) of a 
polycrystal, single crystal YAI03 substrate, a single crystal GGG (Gd3Ga 5012) substrate, Or the single crystal which 
adjusted raw material composition and was produced so that a coefficient of thermal expansion might become of the same 
grade as the InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal 54, polycrystal, or an amorphous object is usable. 
[0036] moreover, as a method of sticking on the 2nd substrate 53 Although it is possible to heat a wafer in the nitrogen-gas- 
atmosphere mind pressurized more than the decomposition pressure of a nitride semiconductor, and to paste up the InrAlsGa 
(1-r-s) N (0<=r<=1, 0<=s<=1, r+s<=1) single crystal thin film 52 and the 2nd substrate 53 directly by diffused junction If it is 
the method which does not have trouble in growing epitaxially the InxAlyGa(l-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single 
crystal 54 in removal of the 1 st substrate 50 in the process of c, and the process of d, it will not interfere, even if it is the 
other methods. 

[0037] The grade of attachment moreover, the whole surface surface of the InrAlsGaO -r-s) N (0<=r<=1, 0<=s<=1, r+s<=1) 
single crystal thin film 52 If it is the grade which does not have trouble in it not being completely joined to the 2nd substrate 
53, and growing epitaxially the InxAlyGa(l-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal 54 in removal of the 1st 
substrate 50 in the process of c, or the process of d It does not interfere by the grade joined partially, either. Moreover, the 
bonding strength does not have trouble in growing epitaxially the InxAlyGa(l-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single 
crystal 54 in removal of the 1st substrate 50 in the process of c, or the process of d, and even if weak, it does not interfere. 
[0038] Moreover, in the process of c, as a method of separating the 1 st substrate (single crystal substrate) 50 from the 
InrAlsGaO -r-s) N (0<=r<=1, 0<=s<=1, r+s<=1) single crystal thin film 52, although chemical etching, polish, etc. are usable, it 
is not limited especially and is usable suitably. 

[0039] In the process of d, moreover, on the InrAlsGaO -r-s) N (0<=r<=1, 0<=s<=1, r+s<=1) single crystal thin film 52 stuck on 
the 2nd substrate 53 As a method of growing epitaxially, the InxAlyGa(l-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal 54 
Although not limited especially, since a thick single crystal layer is grown up, the quick method of growth rates, such as the 
HVPE method and the high-speed MOCVD method, is desirable. Moreover, it is possible by doping n type and p type dopant 
to control a conduction type. 

[0040] Moreover, in the process of e, as a method of separating the InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single 
crystal 54 from the 2nd substrate 53, although chemical etching, polish, etc. are usable, it is not limited especially and is 
possible suitably. 

[0041] Drawing 2 is drawing showing the example of the example of a production process shown in drawing 1 . In the example 

of a process of drawing 2 , the n type GaN single crystal substrate is produced as a semiconductor substrate. 

[0042] If drawing 2 is referred to, first, ammonium will be used for an III group raw material by making hydrogen gas into 

carrier gas at 520 degrees C at trimethylgallium and V group raw material, about 25nm of GaN buffer layers 51 will be 

deposited on c-th (0001) page silicon on sapphire 50 with a diameter of 2 inches, a temperature up will be carried out to 

1050 degrees C after that, and 8 micrometers will grow the GaN single crystal layer 52 ( drawing 2 (a)). 

[0043] Subsequently, the polycrystal Mo substrate 53 which carried out polishing of the front face and was made into the 

shape of a mirror plane, and the front face of the GaN single crystal 52 are stuck, and it transports to an annealer in the 

state where it fixed strongly with the heat-resistant fixture. And in 20 in nitrogen-gas-atmosphere mind atmospheric 

pressure, and 1 100 degrees C, annealing is performed and diffused junction of both is carried out ( drawing 2 (b)). 

[0044] Subsequently, polish equipment is used and polish removal of the sapphire (0001) substrate 50 is carried out ( drawing 

2 (c)X At this time, since the GaN buffer layer 51 is a layer containing the polycrystal layer which grew at low temperature, it 

carries out polish removal simultaneously, and it carries out polishing of the front face of the exposed GaN single crystal 

layer 52 to the shape of a mirror plane further. 

[0045] Subsequently, the Mo substrate 53 is transported to HVPE equipment, by making N2 gas into carrier gas, in a metal 
gallium and V group raw material, a silicon tetrachloride (SiCI4) is used for HCI gas and an III group raw material, and 300 
micrometers grows up [ in a raw material ] the n type GaN single crystal 54 to be reactant gas at ammonia gas and n type 
dopant gas at the front face of the GaN single crystal layer 52 exposed at 1050 degrees C ( drawing 2 (d)). 
[0046] Subsequently, polish equipment is used and polish removal of the Mo substrate 53 is carried out. Furthermore, 
polishing of the front face of the exposed GaN single crystal layer 54 is carried out to the shape of a mirror plane, and the n 
type GaN single crystal substrate 54 with a thickness of 300 micrometers is produced ( drawing 2 (e)). Thus, an n type GaN 
single crystal substrate is producible as a semiconductor substrate. 

[0047] In drawing 1 and the example of a production process of drawing 2 , by taking an above-mentioned process, there are 
no generating and curvature of a crack by growing up to be the big substrate 50 of a coefficient-of-thermal-expansion 
difference thickly, and the InxAlyGa(l-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal substrate 54 of a practical area is 
produced. Moreover, since the crystal structure or lattice constant will not interfere even if they differ from each other if the 
2nd substrate 53 has the coefficient of thermal expansion almost equivalent to the InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, 
x+y<=1) single crystal 54 The width of face of substrate selection increases and the InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, 
x+y<=1) single crystal substrate 54 is produced by the low cost by choosing a cheap substrate. 

[0048] By the way, by above-mentioned drawing 1 and the production method of drawing 2 , when the 2nd substrate 53 
which consists of a different material from the InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal 54 was used, 
there was a case where restrictions were attached to crystal-growth conditions, such as crystal -growth temperature and 
growth atmosphere, by the 2nd melting point and chemical stability of a substrate. Moreover, the concern diffused as an 
impurity into the InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal 54 also had the composition element of the 
2nd substrate 53. 

[0049] In order to avoid such a problem, it is good to use the 2nd substrate 53 as the polycrystal IntAluGaO -t-u) N 
(0<=t<=1, 0<=u<=1, t+u<=1) substrate which consists of an InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal layer 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_eije 



03/08/27 



5/12*— V 



54 and a material of the same kind. That is, it is good to use the 2nd substrate 53 as a polycrystal IntAluGa(l-t-u) N 
(0<=t<=1, 0<=u<=1, t+u<=1) substrate. 

[0050] Drawing 3 is drawing showing the example of a production process in the case of using the 2nd substrate 53 as a 
polycrystal IntAluGa(l-t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) substrate. In addition, in the example of drawing 3 . the n type 
In0.1GaO.9N single crystal substrate is produced as a semiconductor substrate. 

[0051] If drawing 3 is referred to, first, ammonium will be used for an III group raw material by making hydrogen gas into 
carrier gas at 520 degrees C at trimethylgallium and V group raw material, about 25nm of GaN buffer layers 51 will be 
deposited on c-th (0001) page silicon on sapphire 50 with a diameter of 2 inches, a temperature up will be carried out to 
1 050 degrees C after that, and 8 micrometers will grow the GaN single crystal layer 52 ( drawing 3 (a)). 
[0052] Subsequently, the front face of the polycrystal GaN substrate 53 which carried out polishing of the front face and was 
made into the shape of a mirror plane, and the GaN single crystal layer 52 is stuck ( drawing 3 (b)), and it transports to an 
annealer in the state where it fixed strongly with the heat-resistant fixture. And in 20 in nitrogen-gas-atmosphere mind 
atmospheric pressure, and 1100 degrees C, annealing is performed and diffused junction of both is carried out. 
[0053] Subsequently, polish equipment is used and polish removal of the sapphire (0001) substrate 50 is carried out. At this 
time, since the GaN buffer layer 51 is a layer containing the polycrystal layer which grew at low temperature, it carries out 
polish removal simultaneously, and it carries out polishing of the front face of the exposed GaN single crystal layer 52 to the 
shape of a mirror plane further ( drawing 3 (c)). 

[0054] Subsequently, the polycrystal GaN substrate 53 is transported to MOVPE equipment, a mono silane is used for an III 
group raw material in ammonia gas, a monomethylhydrazine, and n type dopant gas by making N2 gas into carrier gas at 
trimethylgallium, trimethylindium, and V group raw material, and 200 micrometers grows up the n type In0.1Ga0.9N single 
crystal 54 to be the front face of the GaN single crystal layer 52 exposed at 800 degrees C ( drawing 3 (d)). 
[0055] Subsequently, polish equipment is used and polish removal of the polycrystal GaN substrate 53 is carried out. 
Furthermore, polishing of the front face of the exposed GaN single crystal layer 54 is carried out to the shape of a mirror 
plane, and the n type In0.1Ga0.9N single crystal substrate 54 with a thickness of about 200 micrometers is produced 
( drawin g 3 (e)). 

[0056] Thus, since the 2nd substrate 53 is a polycrystal IntAluGa(l-t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) substrate according 
to the example of a process of drawing 3 There are no generating and curvature of a crack by growing up to be the big 
substrate of a coefficient-of-thermal-expansion difference thickly, and the InxAlyGa(l-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) 
single crystal substrate 54 of a practical area is produced. Moreover, since the composition element is the same, mixing of 
the impurity from a substrate is reduced. 

[0057] by the way, in the example of a production process of drawing 3 By using the polycrystal IntAluGa(l-t-u) N (0<=t<=1, 
0<=u<=1, t+u<=1) substrate which turns into the 2nd substrate 53 from the InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) 
single crystal layer 54 and a material of the same kind Although the concern which loses the restrictions by the 2nd 
substrate 53 of the growth conditions of the InxAlyGa(l-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal layer 54, and the 
composition element of a substrate 53 mixes as an impurity was reduced The polycrystal IntAluGa(l-t-u) N (0<=t<=1, 
0<=u<=1, t+u<=1) substrate 53 Since mixed-crystal composition differs, a coefficient of thermal expansion differs from an 
InxAlyGa(l-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal layer in the 2nd substrate 53 and the InxAlyGaO -x-y) N 
(0<=x<=1, 0<=y<=1, x+y<=1) single crystal layer 54. Therefore, we are anxious about a defect occurring for the heat distortion 
resulting from a coefficient-of-thermal-expansion difference. 

[0058] In order to avoid such a problem, it sets for the example of a production process of drawing 3 . InrAlsGa N (1-r-s) 
(0<=r<=1, 0<=s<=1, r+s<=1) Composition of the single crystal thin film 52, the polycrystal IntAluGa(l-t-u) N (0<=t<=1, 
0<=u<=1, t+u<=1) substrate 53, and the InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal 54 It is good to make all 
the same, to make mostly the coefficient-of-thermal-expansion difference of the 2nd substrate 53 and the crystal layer 54 
into zero, and to reduce generating of the defect by heat distortion. 

[0059] Drawing 4 InrAlsGa N (1-r-s) (0<=r<=1, 0<=s<=1, r+s<=1) Composition of the single crystal thin film 52, the polycrystal 
IntAluGaO-t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) substrate 53, and the InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single 
crystal 54 It is drawing showing the example of a production process in the case of making all the same. In addition, in the 
example of drawin g 4 , the n type aluminum0.15Ga0.85N single crystal substrate is produced as a semiconductor substrate. 
[0060] If drawing 4 is referred to, first, ammonium will be used for an III group raw material by making hydrogen gas into 
carrier gas at 520 degrees C at trimethylgallium and V group raw material, about 25nm of aluminumO.15GaO.85N buffer layers 
51 will be deposited on c-th (0001) page silicon on sapphire 50 with a diameter of 2 inches, a temperature up will be carried 
out to 1050 degrees C after that, and 8 micrometers will grow the aluminumO.15GaO.85N single crystal layer 52 ( drawing 4 
(a)). 

[0061] Subsequently, the polycrystal aluminumO.15GaO.85N substrate 53 which carried out polishing of the front face and 
was made into the shape of a mirror plane, and the front face of the aluminum0.15Ga0.85N single crystal 52 are stuck 
( drawing 4 (b)), and it transports to an annealer in the state where it fixed strongly with the heat-resistant fixture. And in 20 
in nitrogen-gas-atmosphere mind atmospheric pressure, and 1100 degrees C, annealing is performed and diffused junction of 
both is carried out 

[0062] Subsequently, polish equipment is used and polish removal of the sapphire (0001) substrate 50 is carried out. At this 
time, since the aluminumO.15GaO.85N buffer layer 51 is a layer containing the polycrystal layer which grew at low 
temperature, it carries out polish removal simultaneously, and it carries out polishing of the front face of the exposed 
aluminumO.15GaO.85N single crystal layer 52 to the shape of a mirror plane further ( drawing 4 (c)). 

[0063] Subsequently, the aluminumO.15GaO.85N substrate 53 is transported to MOVPE equipment, a mono silane is used for 
an III group raw material in ammonia gas and n type dopant gas by making H2 gas into carrier gas at trimethylgallium, a 
trimethylaluminum, and V group raw material, and 300 micrometers grows up the n type aluminum0.15Ga0.85N single crystal 
54 to be the front face of the aluminum0.15Ga0.85N single crystal layer 52 exposed at 1050 degrees C ( drawing 4 (d)). 
[0064] Subsequently, polish equipment is used and polish removal of the polycrystal aluminum0.15Ga0.85N substrate 53 is 
carried out. Furthermore, polishing of the front face of the exposed aluminumO.15GaO.85N single crystal layer 54 is carried 
out to the shape of a mirror plane, and the n type aluminum0.15Ga0.85N single crystal substrate 54 with a thickness of 300 
micrometers is produced ( drawing 4 (e)). 
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[0065] Although the above-mentioned example showed the example which produces an n type aluminumO.15GaO.85N single 
crystal substrate as a semiconductor substrate, an n type GaN single crystal substrate is also producible as other examples. 
Dra wing 4 which mentioned above the method of producing an n type GaN single crystal substrate for convenience is used 
and explained. 

[0066] As a semiconductor substrate, when producing an n type GaN single crystal substrate, first, ammonium is used for an 
III group raw material by making hydrogen gas into carrier gas at 520 degrees C at trimethylgallium and V group raw material, 
about 25nm of GaN buffer layers 51 is deposited on c-th (0001) page silicon on sapphire 50 with a diameter of 2 inches, a 
temperature up is carried out to 1050 degrees C after that, and 8 micrometers grows the GaN single crystal layer 52 
( drawing 4 (a)). 

[0067] Subsequently, the polycrystal GaN substrate 33 and the front face of the GaN single crystal 32 are stuck ( drawing 4 
(b)), and it transports to an annealer in the state where it fixed strongly with the heat-resistant fixture. And in 20 in 
nitrogen-gas-atmosphere mind atmospheric pressure, and 1100 degrees C, annealing is performed and diffused junction of 
both is carried out. 

[0068] Subsequently, polish equipment is used and polish removal of the sapphire (0001) substrate 50 is carried out. At this 
time, since the GaN buffer layer 51 is a layer containing the polycrystal layer which grew at low temperature, it carries out 
polish removal simultaneously, and it carries out polishing of the front face of the exposed GaN single crystal layer 52 to the 
shape of a mirror plane further ( drawing 4 (c)). 

[0069] Subsequently, the polycrystal GaN substrate 53 is transported to HVPE equipment, by making N2 gas into carrier gas, 
in a metal gallium and V group raw material, a silicon tetrachloride (SiCI4) is used for HCI gas and an III group raw material, 
and 300 micrometers grows up [ in a raw material ] the n type GaN single crystal 54 to be reactant gas at ammonia gas and n 
type dopant gas at the front face of the GaN single crystal layer 52 exposed at 1050 degrees C ( drawing 4 (d)). 
[0070] Subsequently, polish equipment is used and polish removal of the polycrystal GaN substrate 53 is carried out 
Furthermore, polishing of the front face of the exposed GaN single crystal layer 54 is carried out to the shape of a mirror 
plane, and the n type GaN single crystal substrate 54 with a thickness of 300 micrometers is produced ( drawing 4 (e)). 
[0071] Thus, according to the example of a production process of drawing 4 InrAlsGa N (1-r-s) The single crystal thin film 
52, (0<=r<=1, 0<=s<=1, r+s<=1) Since all composition of the polycrystal IntAluGaO-t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) 
substrate 53 and the InxAlyGa(l-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal 54 is the same Rather than the production 
method of drawing 3 , generating and the curvature of a crack by the coefficient-of-thermal-expansion difference are 
reduced further, and the InxAlyGa(l-x-y) N (0<=x<=1, 0<=y<=1 , x+y<=1) single crystal substrate 54 of a practical area still 
more nearly quality than the production method of drawing 3 is produced. Moreover, since the composition element is the 
same, the impurity from a substrate is also reduced. 

[0072] In this invention, the InxAlyGaO-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal substrate 54 produced by each 
production method which was mentioned above can be offered. And the conductive substrate which shows a desired 
conduction type can be offered by doping n type and p type dopant at the process which grows the lnxAlyGa( 1-x-y) N 
(0<=x<=1, 0<=y<=1, x+y<=1) single crystal 54. 

[0073] That is, in this invention, the InxAlyGa(l-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal substrate of the large area 
which a GaN system semiconductor and a coefficient-ofHhermal-expansion difference are not almost, and was equipped . 
with grid adjustment, thermal conductivity, cleavage, and conductivity can be offered. Moreover, since the c-th page (0001) 
of sapphire, the a-th page (1 1-20) of sapphire, MgAI204 spinel (111) sides, the c-th page (0001) of 6 H-SiC, the m-th page 
(1-100) of 6 H-SiC etc., etc. are usable, the 1st substrate 50 By the direction of a field of a substrate, it becomes the 
InxAlyGa(l-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal substrate which makes a principal plane the c-th (0001) page 
and the m-th (1-100) page. For example, if the c-th page (0001) of sapphire, the a-th page (11-20) of sapphire, MgAI204 
spinel (111) sides, and the c-th page (0001) of 6 H-SiC are used for the 1st substrate 50 (0001) If it becomes the InxAlyGa 
(1-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal substrate which makes the c-th page a principal plane and the m-th 
page (1-100) substrate of 6 H-SiC is used (1-100) It becomes the InxAlyGa(l-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single 
crystal substrate which makes the m-th page a principal plane. 

[0074] Moreover, on the InxAlyGa( 1-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal substrate 54 produced in this invention 
as mentioned above The laminating of the GaN system semiconductor laminated structure expressed with general formula 
InvAlwGaO-V-W) N (0<=v<=1, 0<=w<=1, v+w<=1) containing at least one PN junction is carried out, and a semiconductor 
light emitting device can be offered. 

[0075] Current is impressed to the electrode corresponding to p type of a semiconductor light emitting device, and n type 
layer, current is poured into PN junction, and a semiconductor light emitting device emits light by the reunion of a carrier. It 
has at least one PN junction, and current is poured into this PN junction, and if the GaN system compound semiconductor 
laminated structure which constitutes a semiconductor light emitting device is structure which emits light by the reunion of a 
carrier, no matter they may be homozygous, a single heteroj unction, a double heterojunction, quantum well structure, 
multiplex quantum well structure, and what other structures, it will not interfere. 

[0076] Moreover, in this invention, since the cleavage was possible for the substrate, when the InxAlyGa(l-x-y) N (0<=x<=1, 
0<=y<=1, x+y<=1) single crystal substrate 54 was used for the substrate of a semiconductor light emitting device, and a 
semiconductor light emitting device is made into semiconductor laser, it can have a laser resonator mirror by the good 
cleavage of parallelism and smooth nature. Furthermore, it is possible by making a substrate into conductivity to consider as 
the light emitting device which had the electrode formed in a substrate rear face (namely, thing for which n type and p type 
dopant are doped to the InxAlyGa( 1-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal substrate 54). 
[0077] Drawing 5 is drawing showing the example of the semiconductor light emitting device concerning this invention. In 
addition, the semiconductor light emitting device of drawing 5 is constituted as semiconductor laser. If drawing 5 is referred 
to, this semiconductor light emitting device on the n-aluminumO.15GaO.85N single crystal substrate 54 produced by the 
production method which was mentioned above The n-GaN buffer layer 31, the n-aluminumO.15GaO.85N clad layer 32, the n- 
GaN light-guide layer 33, the InO.15GaO.85 N/In0.02Ga0.98N multiplex quantum well structure barrier layer 34, the p-GaN 
light-guide layer 35, It has the laminated structure to which the laminating of the p-aluminumO.15GaO.85N clad layer 36 and 
the p-GaN cap layer 37 was carried out one by one. 

[0078] And the ridge structure where ********** using a remnants strike rye pattern with a width of face of 5 micrometers, 
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and from the front face of the p type GaN cap layer 37 of this laminated structure to the middle of the p- 
aluminumO.15GaO.85N clad layer 36 serves as a waveguide is formed. Here, the direction of a waveguide is the <1-100> 
direction. 

[0079] Thus, the protective layer 38 which consists of Si02 has accumulated on p-aluminumO.15GaO.85N clad layer 36 front 
face exposed by forming ridge structure. Moreover, the p side ohmic electrode 39 is formed on the p-GaN cap layer 37. 
Moreover, the n side ohmic electrode 40 is formed in the rear face of the n-aluminumO.15GaO.85N single crystal substrate 
54. The optical-resonator side of this semiconductor laser is formed by carrying out the cleavage of the m-th (1-100) page. 
[0080] In the semiconductor light emitting device of drawing 5 . the crystal growth of the n-GaN buffer layer 31, the n- 
aluminum0.15Ga0.85N clad layer 32, the n-GaN light-guide layer 33, the InO.15GaO.85 N/In0.02Ga0.98N multiplex quantum 
well structure barrier layer 34, the p-GaN light-guide layer 35, the p-aluminum0.15GaO.85N clad layer 36, and the p-GaN cap 
layer 37 was carried out by the MOCVD method. 

[0081] Moreover, the p side ohmic electrode 39 carried out vacuum deposition, and it is 700 degrees C in temperature, and 
Au/Pt/nickel was heat-treated for 20 minutes and it formed it. Moreover, the n side ohmic electrode 40 carried out vacuum 
deposition of aluminum/Ti, heat-treated it and formed it. 

[0082] If current is impressed to the p side ohmic electrode 39 and the n side ohmic electrode 40, current is poured into the 
In0.15Ga0.85 N/In0.02Ga0.98N multiplex quantum well structure barrier layer 34, and the semiconductor laser of drawing 5 
emits light by the reunion of a carrier, and reflective amplification will be repeated by the resonator side formed of the 
cleavage, and it will be outputted outside as a laser beam. 

[0083] In the semiconductor laser of drawing 5 , the clad layer which a crack could not go into a substrate 54 easily at the 
time of a crystal growth even if it enlarged the mixed-crystal ratio of aluminum of a clad layer compared with the case where 
sapphire and a GaN substrate are used, since the n-aluminumO.15GaO.85N single crystal substrate of the same composition 
as a clad layer was used, therefore equipped it with sufficient composition and sufficient thickness of light to shut up can be 
formed. Consequently, there is no aggravation of the shape of beam by the leakage of the light from a clad layer, and 
semiconductor laser with low oscillation threshold current density is produced. 

10084] Drawing 6 is drawing showing other examples of a production process of the semiconductor substrate concerning this 
invention. The process which forms the IntAluGa(l-t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) single crystal thin film 12 in the a. 1st 
substrate 1 0 (single crystal substrate) in the example of a production process of drawing 6 (drawing 6 (a)), b. The process 
which separates the IntAluGa(l-t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) single crystal thin film 12 from the 1st substrate (single 
crystal substrate) 10 (drawing 6 (b)), c. The process which sticks the IntAluGaO-t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) single 
crystal thin film 12 on the 2nd substrate 15 through the low melting point metal 16 (drawing 6 (c)), d. On the IntAluGa(l-t-u) 
N (0<=t<=1, 0<=u<=1, t+u<=1) single crystal thin film 12 stuck on the 2nd substrate 15, at the temperature beyond the 
melting point of the low melting point metal 16 The process which grows epitaxially the InxAlyGa(l-x-y) N (0<=x<=1, 
0<=y<=1, x+y<=1) single crystal 17 (drawing 6 (d)), e. It has the process (drawing 6 (e)) which separates the InxAlyGa(l-x-y) 
N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal 17 from the 2nd substrate 15 at the temperature beyond the melting point of the 
low melting point metal 16. Finally, the InxAlyGaO-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal substrate 17 is 
produced. 

[0085] Here, as the 1st substrate (single crystal substrate) 10, the c-th page (0001) of sapphire, the a-th page (1 1-20) of 
sapphire, MaAI204 spinel (111) sides, the c-th page (0001) of 6 H-SiC, the m-th page (1-100) of 6 H-SiC etc., etc. are 
usable. 

[0086] Moreover, in the process of a, as the crystal-growth method of the IntAluGa(l-t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) 
single crystal thin film 12, although MOCVD, HVPE, MBE, etc. are usable You may use the other methods, as long as it is the 
method that the crystal growth of the IntAluGa(l-t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) single crystal thin film 12 can be carried 
out to the 1st substrate (single crystal substrate) 10 instead of what is limited to the above-mentioned method. Moreover, 
before growing up the IntAluGa(l-t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) single crystal thin film 12 The surface layer of the 
crystal layer which did not interfere even if it deposited previously low-temperature buffer layers, such as GaN and AIN, and 
other layers, and grew using the 1st substrate (single crystal substrate) 10 should just be an IntAluGa(l-t-u) N (0<=t<=1, 
0<=u<=1, t+u<=1) single crystal. 

[0087] moreover, in the process of b, as a method of separating the IntAluGa(l-t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) single 
crystal thin film 12 from the 1st substrate (single crystal substrate) 10 After sticking the IntAluGa(l-t-u) N (0<=t<=1, 
0<=u<=1, t+u<=1) single crystal thin film 12 on a support substrate, The method of removing the 1st substrate (single crystal 
substrate) 10 by methods, such as chemical etching and polish Between the 1st substrate (single crystal substrate) 10 and 
the IntAluGaO-t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) single crystal layer 12 Although the way ********** the layer and a lift 
off separates the 1st substrate (single crystal substrate) 10 etc. is usable after growing up the layer which can be etched, it 
is not limited to the above-mentioned method, especially concerning the method of separation. 

[0088] Moreover, in the process of c, as long as the melting point is a low thing as a low melting point metal 16 from the 
growth temperature of InxAlyGa(l-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1), and the temperature which separates the 2nd 
substrate 1 5, a single metal or an alloy is sufficient For example, an indium, tin, a gallium, etc. are usable. Moreover, if stable 
[ in the growth temperature and growth atmosphere ] as the 2nd substrate 15 in case an EnxAlyGa(l-x-y) N (0<=x<=1, 
0<=y<=1, x+y<=1) single crystal is grown epitaxially at a next process, it is good, and a single crystal, polycrystal, and an 
amorphous substance are not asked for sapphire, Si, a quartz, etc., but it is usable. 

[0089] In the process of d, on the IntAluGa(l-t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) single crystal thin film 12 stuck on the 2nd 
substrate 15, moreover, at the temperature beyond the melting point of the low melting point metal 16 When growing 
epitaxially the InxAlyGa(l-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal 17, The IntAluGa(l-t-u) N (0<=t<=1, 0<=u<=1, 
t+u<=1) single crystal thin film 12 Since it is on molten metal 16, the crystal growth of a single crystal 17 progresses without 
being influenced of the coefficient-of-thermal-expansion difference of the 2nd substrate 15 and the InxAlyGaO-x-y) N 
(0<=x<=1, 0<=y<=1, x+y<=1) single crystal 17, the difference in the crystal structure, etc. Although it does not limit, since 
especially the method of a crystal growth grows the thick single crystal layer 17, its quick method of growth rates, such as 
the HVPE method and the high-speed MOCVD method, is desirable. Moreover, it is possible by doping n type and p type 
dopant to control a conduction type. 

[0090] Drawing 7 and drawing 8 are drawings showing the example of the example of a production process shown in drawing 
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6 . In drawing 7 and the example of a process of drawing 8 , the n type GaN single crystal substrate is produced as a 
semiconductor substrate. 

[0091] If drawing 7 and drawing 8 are referred to, the GaN layer 12 will be first grown up by the MOCVD method on c-th 
(0001) page silicon on sapphire 10 with a diameter of 2 inches. Growth of the GaN layer 12 is performed by the MOCVD 
method, ammonia is used for an III group raw material by making hydrogen gas into carrier gas at 520 degrees C at 
trimethylgallium and V group raw material, about 25nm of GaN buffer layers 1 1 is deposited, and a temperature up is carried 
out to 1050 degrees C after that and it is made when 10 micrometers grows the GaN single crystal layer 12 ( drawing 7 (a)). 
[0092] Subsequently, the front face of the GaN single crystal layer 12 is pasted up on the support substrate 14 with the 
adhesives 13 of an organic system ( drawin g 7 (b-1)), and, subsequently polish removal of the silicon on sapphire 10 is 
carried out with polish equipment ( drawing 7 (b-2)). 

[0093] Subsequently, the quartz substrate 1 5 and the GaN single crystal layer 1 2 are pasted up by the indium 1 6 ( drawing 7 
(c-1)X Here, an indium 16 is carried on the quartz substrate 15, as the adhesion method, further, GaN single crystal layer 12 
front face is made into an indium 16 side, and is carried, and the GaN single crystal layer 12 stuck on the support substrate 

14 on it is heated to the temperature beyond the melting point of an indium 16, and an indium 16 is changed into a melting 
state and it pastes up. 

[0094] After an appropriate time, the adhesives 13 of an organic system are dissolved by the organic solvent, and the 
support substrate 14 is separated ( drawing 8 (c-2)). 

[0095] Subsequently, transport the quartz substrate 15 which pasted up the GaN single crystal layer 12 to HVPE equipment, 
and N2 gas is made into carrier gas. Moreover, a silicon tetrachloride (SiCI4) is used for HCI gas and an HI group raw material, 
and the n type GaN single crystal 17 is grown up [ in a raw material / at a metal gallium and V group raw material ] to be 
reactant gas in the thickness of 300 micrometers at 1050 degrees C in ammonia gas and n type dopant gas at the front face 
of the GaN single crystal layer 1 2 ( drawing 8 (d)). 

[0096] Subsequently, the quartz substrate 15 which grew the n type GaN single crystal layer 17 is heated to the temperature 
beyond the melting point of an indium 16, an indium 16 is changed into a melting state, and the quartz substrate 15 is 
separated ( drawing 8 (e-1)). After an appropriate time, polish equipment is used, polish removal of the GaN buffer layer 1 1 is 
carried out, further, polishing of the front face of the GaN single crystal layer 1 7 is carried out to the shape of a mirror plane, 
and the n type GaN single crystal substrate 17 with a thickness of about 300 micrometers is produced ( drawing 8 (e-2)). 
Thus, an n type GaN single crystal substrate is producible as a semiconductor substrate. 

[0097] In drawing 6 , drawing 7 , and the example of a production process of drawing 8 , by the cooling process after the 
crystal growth of the InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal 17 Since the congealing point of the low 
melting point metal 16 has not combined the InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal layer 17 with a 
substrate 15 The InxAlyGaO-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal layer 17 as for a thing of a large area 
Generating and the curvature of a crack by the thermal-contraction difference of the substrate 15 and the InxAlyGaO -x-y) 
N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal layer 17 at the time of cooling from crystal-growth temperature to the 
congealing point of the low melting point metal 16 are reduced. Therefore, the InxAlyGa(l-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) 
single crystal substrate 1 7 of the large area by which a crack and curvature were reduced is producible. 
[0098] Moreover, since separation of the InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal layer 17 from the 2nd 
substrate 15 can be performed easily and can be reused, without damaging the 2nd substrate 15, low-cost-ization is 
attained. Furthermore, since a single crystal, polycrystal, an amorphous substance, etc. can be used for the 2nd substrate 15, 
low-cost-ization is attained by the width of face of substrate selection spreading and choosing a cheap substrate. 
[0099] In addition, Ga (gallium) which has the melting point near the room temperature (about 30 degrees C) as a low melting 
point metal 1 6 is used at the process (drawing 6 (c)) of c mentioned above. From epitaxial growth of the InxAlyGaO-x-y) N 
(0<=x<=1, 0<=y<=1, x+y<=1) single crystal 17 in the process ( drawing 6 (d), (e)) of d and e to separation of the 2nd substrate 

1 5 can also be performed without making Ga solidify. 

[0100] namely, — this case — a. — with the process ( drawing 6 (a)) which forms the IntAluGaO^t-u) N (0<=t<=1, 0<=u<=1, 
t+u<=1) single crystal thin film 12 in the 1st single crystal substrate 10 b. The process which separates the IntAluGa(l-t-u) 
N (0<=t<=1, 0<=u<=1, t+u<=1) single crystal thin film 12 from the 1st single crystal substrate 10 (drawing 6 (b)), c. The 
process which sticks the IntAluGaO -t-u) N (0<=t<=1, 0<=u<=1. t+u<=1) single crystal thin film 12 on the 2nd substrate 15 
through the metal Ga(gallium) 16 of a melting state (drawing 6 (c)) ( d. On the IntAluGa(l-t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) 
single crystal thin film 12 stuck on the 2nd substrate 15, at the temperature beyond the melting point of a metal Ga(gallium) 

16 The process made to cool without growing epitaxially the InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal 17, 
and making a metal Ga(gallium) 16 solidify (drawing 6 (d)), e. It has the process (drawing 6 (e)) which separates the InxAlyGa 
(1-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal 17 from the 2nd substrate 15 at the temperature beyond the melting 
point of a metal Ga(gallium) 16. Finally, the InxAlyGaO -x-y) N (0<=x<=l, 0<=y<=1, x+y<=1) single crystal substrate 1 7 is 
produced. 

[0101] Thus, Ga which has the melting point near the room temperature (about 30 degrees C) as a low melting point metal 16 
is used at the process (drawing 6 (c)) of c. From epitaxial growth of the InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single 
crystal 1 7 in the process (drawing 6 (d), (e)) of d and e Because it is made to perform even separation of the 2nd substrate 
1 5, without making Ga solidify It becomes possible to produce a single crystal substrate, without being influenced at all of 
heat distortion by the cooling process after the crystal growth by the coefficient-of-thermal-expansion difference of the 2nd 
substrate 15 and the InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal 17. 

[0102] Ga which has the melting point near the room temperature (about 30 degrees C) as a low melting point metal 1 6 is 
used, and the example in the case of performing from epitaxial growth of the InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) 
single crystal 17 to separation of the 2nd substrate 15, without making Ga solidify is explained. In addition, by this example, 
the n type GaN single crystal substrate is produced as a semiconductor substrate. 

[0103] By this example, the GaN layer 12 is first grown up by MOCVD on c-th (0001) page silicon on sapphire 10 with a 
diameter of 2 inches. Growth of the GaN layer 12 is performed by MOCVD, ammonia is used for an III group raw material by 
making hydrogen gas into carrier gas at 520 degrees C at trimethylgallium and V group raw material, about 25nm of GaN 
buffer layers 11 is deposited, and a temperature up is carried out to 1050 degrees C after that, and it is made when 10 
micrometers grows the GaN single crystal layer 12 ( drawing 7 (a)). 
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[0104] Subsequently, the front face of the GaN single crystal layer 12 is pasted up on the support substrate 14 with the 
adhesives 13 of an organic system ( drawing 7 (b-D). and, subsequently polish removal of the silicon on sapphire 10 is 
carried out with polish equipment ( drawing 7 (b-2)). 

[0105] Subsequently, the quartz substrate 15 and the GaN single crystal layer 12 are pasted up by Ga (gallium)16 ( drawing 7 
(c-1)). Here, Ga(gallium) 16 is carried on the quartz substrate 15, as the adhesion method, further, GaN single crystal layer 
12 front face is made into Ga(gallium) 16 side, and is carried, and the GaN single crystal layer 12 stuck on the support 
substrate 14 on it is heated to the temperature beyond the melting point of Ga (gallium)16, and Ga (gallium)16 is changed into 
a melting state, and it pastes up. 

[0106] After an appropriate time, the binder 13 of an organic system is dissolved by the organic solvent, and the support 
substrate 14 is separated ( drawin g 8 (c-2)). Temperature at this time is made below into the melting point of Ga(gallium) 16. 
[0107] Subsequently, transport the quartz substrate 15 which pasted up the GaN single crystal layer 12 to HVPE equipment, 
and N2 gas is made into carrier gas. Moreover, a silicon tetrachloride (SiCI4) is used for ammonia gas and n type dopant gas 
to reactant gas in a metal gallium and V group raw material at HCI gas and an DI group raw material. The n type GaN single 
crystal 17 is grown up to be the thickness of 300 micrometers on the front face of the GaN single crystal substrate 12 at 
1050 degrees C ( drawing 8 (d)). 

[0108] Subsequently, it cools to 35 degrees C beyond the melting point of Ga(gallium) 16 after growth of the n type GaN 
single crystal 17, this temperature is held, and the quartz substrate 15 is separated ( drawing 8 (e-1)). After an appropriate 
time, polish equipment is used, polish removal of the GaN buffer layer 11 is carried out, further, polishing of the front face of 
the GaN single crystal layer 17 is carried out to the shape of a mirror plane, and the n type GaN single crystal substrate 17 
with a thickness of about 300 micrometers is produced ( drawing 8 (e-2)). Thus, an n type GaN single crystal substrate is 
producible as a semiconductor substrate. 

[0109] Thus, Ga which has the melting point near the room temperature (about 30 degrees C) as a low melting point metal 16 
is used at the process (drawing 6 (c)) of above-mentioned c. From epitaxial growth of the lnxAlyGa( 1-x-y) N (0<=x<=1, 
0<=y<=1 , x+y<=1 ) single crystal 1 7 in the process ( drawing 6 (d), (e)) of d and e to separation of the 2nd substrate 1 5 can 
also be performed without making Ga solidify. In this case, also in the cooling process in the crystal growth of the InxAlyGa 
(1-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal 17, and after growth, since a metal Ga(galfium) 16 is in a melting state 
The InxAlyGa( 1-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal layer 17 is not combined with the 2nd substrate 15. 
Therefore, the InxAlyGa( 1-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal layer 17 Also at the time of cooling after a 
growth end, since the inside of a crystal growth is not influenced at all of the heat distortion by the coefficient-ofHhermal- 
expansion difference of the 2nd substrate 15 and the InxAlyGa(l-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal layer 17, 
either Even if it makes the InxAlyGa( 1-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal layer 17 into a large area, there are 
no generating and curvature of a crack. Therefore, the InxAlyGa( 1-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal 
substrate 1 7 of the large area by which a crack and curvature were reduced is producible. 

[0110] Moreover, since a single crystal, polycrystal, an amorphous substance, etc. can be used for the 2nd substrate 15, the 
width of face of substrate selection spreads and it can choose a cheap substrate. Furthermore, since the InxAlyGa(l-x-y) N 
(0<=x<=1, 0<=y<=1, x+y<=1) single crystal layer 17 can be easily separated from the 2nd substrate 15, without damaging the 
2nd substrate 15, reuse of a substrate is possible. Therefore, low-cost-ization is attained. Moreover, since the same Ga as a 
base material element is used for a low melting point metal, the impurity contamination by the low melting point metal is 
reduced, 

[0111] Moreover, as for the 1st substrate (single crystal substrate) 10, in the example of a production process mentioned 
above, it is good to have the coefficient of thermal expansion of the same grade as the IntAluGa( 1-t-u) N (0<=t<=1, 0<=u<=1, 
t+u<=1) single crystal thin film 12. 

[0112] Namely, on it, the 1st substrate (single crystal substrate) 10 has the IntAluGa(l-t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) 
single crystal thin film 1 2 and coefficient of thermal expansion of the same grade which carry out a crystal growth, and the 
IntAluGa(l-t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) single crystal thin film 12 should just carry out a crystal growth. For example, 
in GaN, GaAs, GGG (Gd3Ga 5012), etc. can be used, using GaAs (100) in GaAs — a cubic — hexagonal by GaN growing and 
using GaAs (111) — GaN can be grown up 

[0113] Thus, the 1 st substrate (single crystal substrate) 1 0 By having the coefficient of thermal expansion of the same grade 
as the IntAluGaO-t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) single crystal thin film 12 The curvature and crack which are generated 
at the time of cooling after growth of the IntAluGa(l-t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) single crystal thin film 12 by the 
coefficient-of-thermal-expansion difference with the 1st substrate 10 decrease. Thereby, the comparatively thick IntAluGa 
(1-t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) single crystal layer 12 can be grown up to be a large area substrate. Therefore, the 
work which separates the IntAluGa (1-t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) single crystal layer 12 from the 1st substrate 10 
also becomes easy compared with the case where a thin crystal layer is separated, and yield's improves. 
[01 14] Moreover, since the coefficient-of-thermal-expansion difference with the 1st substrate 10 is small, the defect to 
generate is also reduced by heat distortion compared with the case where a coefficient-of-thermal-expansion difference 
uses a big substrate. Since the InxAlyGa( 1-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal layer 17 which finally serves as 
a substrate grows on the IntAluGa( 1-t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) single crystal layer 12 with few this defect, it 
becomes what has a few defect quality. Therefore, there are few impurities and, in addition to a crack and curvature being 
reduced, a low cost and a quality lnxAlyGa( 1-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal substrate can be further 
produced by the large area. 

[01 15] Moreover, if the 1st substrate (single crystal substrate) 10 has the IntAluGa( 1-t-u) N (0<=t<=1, 0<=u<=1, t+u<=T) 
single crystal thin film 12 and the coefficient of thermal expansion of the same grade, even if it has the laminated structure 
on it, it will not interfere. For example, the laminating of AlAs or the GaAs may be carried out on the GaAs substrate as the 
1st substrate 10 like the after-mentioned. 

[01 16] Moreover, as the crystal-growth method of the IntAluGa( 1-t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) single crystal thin film 
1 2, although meanses, such as MOCVD, HVPE, and MBE, are usable Especially this does not limit, and as long as it is the 
method of carrying out the crystal growth of the IntAluGa( 1-t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) single crystal thin film 12 to 
the 1st substrate (single crystal substrate) 10, it may use the other methods. 

[01 17] Moreover, before growing up the IntAluGa( 1-t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) single crystal thin film 12 The surface 
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layer of the crystal layer which did not interfere even if it deposited previously low-temperature buffer layers, such as GaN 
and AIN, and other layers, and grew using the 1st substrate (single crystal substrate) 10 should just be an IntAluGaO -t-u) N 
(0<=t<=1 , 0<=u<=1 , t+u<=1 ) single crystal. 

[01 18] Drawing 9 and drawing 1 0 are drawings showing other examples of the example of a production process shown in 
drawing 6 . In addition, in drawing 9 and the example of a process of drawing 10 , the n type GaN single crystal substrate is 
produced as a semiconductor substrate. 

[01 19] If drawing 9 and drawing 10 are referred to, first, the AlAs layer 21 and the GaAs layer 22 will be grown epitaxially one 
by one by the MOCVD method on the GaAs (111) substrate 20 with a diameter of 2 inches, and let this be the 1st substrate 
10. And the GaN layer 12 is grown up on this 1st substrate 10. Growth of the GaN layer 12 is performed by the MOCVD 
method, ammonia and a monomethylhydrazine are used for an III group raw material by making hydrogen gas into carrier gas 
at 520 degrees C at trimethylgallium and V group raw material, about 25nm of GaN buffer layers 1 1 is deposited, and a 
temperature up is carried out to 750 degrees C after that, and it is made when 20 micrometers grows the GaN single crystal 
layer 1 1 ( drawing 9 (a)). 

[0120] Subsequently, the front face of the GaN single crystal layer 12 is pasted up on the support substrate 14 with the 
adhesives 13 of an organic system ( drawing 9 (b-1)), subsequently to fluoric acid solution, it dips, etching removal of the 
AlAs layer 21 is carried out alternatively, and the GaAs substrate 20 is separated ( drawing 9 (b-2)). 

[0121] Subsequently, the quartz substrate 15 and the GaN single crystal layer 12 are pasted up by Ga (gallium)16 ( drawing 9 
(c-1)). Ga(gallium) 16 is carried on the quartz substrate 15, as the adhesion method, further, the GaAs layer 22 is made into 
the Ga (gallium)16 side, and is carried, and the GaN single crystal layer 12 stuck on the support substrate 14 on it is heated 
to the temperature beyond the melting point of Ga (gallium)16, and Ga (gallium)16 is changed into a melting state, and it 
pastes up. 

[0122] After an appropriate time, the binder 13 of an organic system is dissolved by the organic solvent, and the support 
substrate 14 is separated ( drawing 10 (c-2)). Temperature at this time is made below into the melting point of Ga(gallium) 
16. 

[0123] Subsequently, the quartz substrate 15 which pasted up the GaN single crystal layer 12 is transported to HVPE 
equipment, by making N2 gas into carrier gas, in a metal gallium and V group raw material, a silicon tetrachloride (SiCI4) is 
used for HCI gas and an III group raw material, and 300 micrometers grows up [ in a raw material ] the n type GaN single 
crystal 17 to be reactant gas at 1050 degrees C at ammonia gas and n type dopant gas at the front face of the GaN single 
crystal layer 1 2 ( drawing 10 (d)). 

[0124] Thus, it cools to 35 degrees C beyond the melting point of Ga(galliurn) 16 after growth of the n type GaN single 
crystal 17, this temperature is held, and the quartz substrate 15 is separated ( drawing 1 0 (e-1)). After an appropriate time, 
polish equipment is used, polish removal of the GaAs layer 22 and the GaN buffer layer 1 1 is carried out, further, polishing of 
the front face of the GaN single crystal layer 1 7 is carried out to the shape of a mirror plane, and the n type GaN single 
crystal substrate 17 with a thickness of about 300 micrometers is produced ( drawing 1 0 (e-2)). Thus, an n type GaN single 
crystal substrate is producible as a semiconductor substrate. 

[0125] In drawing 9 and the example of a production process of drawing 10 , what carried out the laminating of the AlAs layer 
21 and the GaAs layer 22 to the GaAs (111) substrate 20 one by one is used as the 1st substrate 10, and since the selection 
ratio of etching by the fluoric acid of AlAs and GaAs is very large, it can carry out etching removal only of the AlAs layer 21 
easily. Therefore, the GaN single crystal layer 12 of a large area can be separated easily, without moreover damaging the 
GaAs substrate 20. Therefore, it becomes possible to produce the GaN substrate of a low cost at a large area. 
[0126] In this invention, the InxAlyGa(1~x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal substrate 17 produced by each 
production method which was mentioned above can be offered. And the conductive substrate which shows a desired 
conduction type can be offered by doping n type and p type dopant at the process which grows the InxAlyGa(l-x-y) N 
(0<=x<=1, 0<=y<=1, x+y<=1) single crystal 17. 

[0127] That is, in this invention, the InxAlyGaO-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal substrate of the large area 
which a GaN system semiconductor and a coefficient-oMhermal-expansion difference are not almost, and was equipped 
with grid adjustment, thermal conductivity, cleavage, and conductivity can be offered. 

[0128] Moreover, on the InxAlyGa(l-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal substrate 17 produced in this invention 
as mentioned above The laminating of the GaN system semiconductor laminated structure expressed with general formula 
InvAlwGa(l-V-W) N (0<=v<=1, 0<=w<=1, v+w<=1) containing at least one PN junction is carried out, and a semiconductor 
light emitting device can be offered. 

[0129] Current is impressed to the electrode corresponding to p type of a semiconductor light emitting device, and n type 
layer, current is poured into PN junction, and a semiconductor light emitting device emits light by the reunion of a carrier. It 
has at least one PN junction, and current is poured into this PN junction, and if the GaN system compound semiconductor 
laminated structure which constitutes a semiconductor light emitting device is structure which emits light by the reunion of a 
carrier, no matter they may be homozygous, a single heterojunction, a double heterojunction, quantum well structure, 
multiplex quantum well structure, and what other structures, it will not interfere. 

[0130] Moreover, in this invention, since the cleavage was possible for the substrate, when the InxAlyGa(l-x-y) N (0<=x<=1, 
0<=y<=1, x+y<=1) single crystal substrate 17 was used for the substrate of a semiconductor light emitting device, and a 
semiconductor light emitting device is made into semiconductor laser, it can have a laser resonator mirror by the good 
cleavage of parallelism and smooth nature. Furthermore, it is possible by making a substrate into conductivity to consider as 
the light emitting device which had the electrode formed in a substrate rear face (namely, thing for which n type and p type 
dopant are doped to the InxAlyGaO-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal substrate 17). 
[0131] Drawing 1 1 is drawing showing the example of the semiconductor light emitting device concerning this invention. In 
addition, the semiconductor light emitting device of drawing 1 1 is constituted as semiconductor laser. If drawing 1 1 is 
referred to, this semiconductor light emitting device has the laminated structure by which the laminating of the n-GaN buffer 
layer 31, the n~aluminumO.15GaO.85N clad layer 32, the n-GaN light-guide layer 33, the In0.15Ga0.85 N/ln0.02Ga0.98N 
multiplex quantum well structure barrier layer 34, the p-GaN light-guide layer 35, the p-aluminumO.15Ga0.85N clad layer 36, 
and the p-GaN cap layer 37 was carried out one by one on the n-GaN single crystal substrate 17 produced by the 
production method which was mentioned above. 
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[0132] And the ridge structure which it ********** s us jng a remnants strike writer pattern with a width of face of 5 
micrometers from the front face of the p type GaN cap layer 37 of this laminated structure to the middle of the p- 
aluminumO.15GaO.85N clad layer 36, and serves as a waveguide is formed. Here, the direction of a waveguide is the <1-100> 
direction. 

[0133] Thus, the protective layer 38 which consists of Si02 has accumulated on p-aluminum0.15Ga0.85N clad layer 36 front 
face exposed by forming ridge structure. Moreover, the p side ohmic electrode 39 is formed on the p-GaN cap layer 37. 
Moreover, the n side ohmic electrode 40 is formed in the rear face of the n-GaN single crystal substrate 1 7. The optical- 
resonator side of this semiconductor laser is formed by carrying out the cleavage of the field (1-100). 
[0134] In the semiconductor light emitting device of drawing 1 1 , the crystal growth of the n-GaN buffer layer 31, the n- 
aluminum0.15Ga0.85N clad layer 32, the n-GaN light-guide layer 33, the In0.15Ga0.85 N/InO,02Ga0.98N multiplex quantum 
well structure barrier layer 34, the p-GaN light-guide layer 35, the p-aluminumO.15GaO.85N clad layer 36, and the p-GaN cap 
layer 37 was carried out by the MOCVD method. 

[0135] Moreover, the p side ohmic electrode 39 carried out vacuum deposition, and it is 700 degrees C in temperature, and 
Au/Pt/nickel was heat-treated for 20 minutes and it formed it. Moreover, the n side ohmic electrode 40 carried out vacuum 
deposition of aluminum/Ti, heat-treated it, and formed it 

[0136] If current is impressed to the p side ohmic electrode 39 and the n side ohmic electrode 40, current is poured into the 
InO.15GaO.85 N/In0.02Ga0.98N multiplex quantum well structure barrier layer 34, and the semiconductor laser of drawing 1 1 
emits light by the reunion of a carrier, and reflective amplification will be repeated by the resonator side formed of the 
cleavage, and it will be outputted outside as a laser beam. 

[0137] Thus, on the InxAlyGa(l-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal substrate 17 produced in this invention as 
mentioned above Since the laminating of the GaN system semiconductor laminated structure expressed with general formula 
InvAlwGaO-V-W) N (0<=v<=1, 0<=w<=1, v+w<=1) containing at least one PN junction is carried out and the semiconductor 
light emitting device is constituted The light emitting device which consists of a quality crystal layer by which generating of 
the defect by the difference in grid mismatching or a coefficient of thermal expansion was suppressed can be offered. 
Moreover, it is also possible to produce the semiconductor laser which has the resonator mirror formed by the light emitting 
device by which the electrode was formed in the substrate rear face, or the cleavage. 
[0138] 

[Effect of the Invention] The process which forms an InrAlsGa(l-r-s) N (0<=r<=1, 0<=s<=1, r+s<=1) single crystal thin film in 
the 1st substrate according to invention according to claim 1 as explained above, The process at which an InxAlyGa(l-x-y) N 
(0<=x<=1, 0<=y<=1, x+y<=1) single crystal and a coefficient of thermal expansion stick an InrAlsGa(l-r-s) N (0<=r<=1, 
0<=s<=1, r+s<=1) single crystal thin film on the 2nd almost equivalent substrate, The process which separates an InrAlsGaO- 
r-s) N (0<=r<=1, 0<=s<=1, r+s<=1) single crystal thin film from the 1st substrate, On the InrAlsGa(l-r-s) N (0<=r<=1, 
0<=s<=1, r+s<=1) single crystal thin film stuck on the 2nd substrate The process which grows epitaxially an InxAlyGa(l-x-y) 
N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal, According to the process which separates an InxAlyGaO -x-y) N (0<=x<=1, 
0<=y<=1, x+y<=1) single crystal from the 2nd substrate Since an InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single 
crystal is produced as a semiconductor substrate There are no generating and curvature of a crack by growing up to be the 
big substrate of a coefficient-of-thermaJ-expansion difference thickly, and the InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, 
x+y<=1) single crystal substrate of a practical area can be produced. Moreover, since the 2nd substrate has the coefficient 
of thermal expansion almost equivalent to an InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal Even if the crystal 
structure and lattice constant differ from each other, they do not interfere, its width of face of substrate selection increases 
by this, and they are choosing a cheap substrate and can produce an InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single 
crystal substrate by the low cost. 

[0139] According to invention according to claim 2, it sets to the production method of a semiconductor substrate according 
to claim 1. moreover, the 2nd substrate Since it is a polycrystal IntAluGa(l-t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) substrate 
There are no generating and curvature of a crack by growing up to be the big substrate of a coefficient-ofHhermal- 
expansion difference thickly, and the InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal substrate of a practical 
area can be produced. Moreover, since the composition element is the same, mixing of the impurity from a substrate can be 
reduced. 

[0140] Moreover, according to invention according to claim 3, it sets to the production method of a semiconductor substrate 
according to claim 2. An InrAlsGaO -r-s) N (0<=r<=1, 0<=s<=1, r+s<=1) single crystal thin film, Since all composition of a 
polycrystal IntAluGaO -t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) substrate and an InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) 
single crystal is the same Generating and the curvature of a crack by the coefficient-of-thermal-expansion difference are 
reduced further, and the InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal substrate of a more nearly quality 
practical area can be produced. Moreover, since the composition element is the same, the impurity from a substrate is also 
reduced. 

[0141] The process which forms an IntAluGaO -t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) single crystal thin film in the 1st substrate 
according to invention according to claim 4, The process which separates an IntAluGaO -t~u) N (0<=t<=1, 0<=u<=1, t+u<=1) 
single crystal thin film from the 1st substrate. The process which sticks an IntAluGaO -t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) 
single crystal thin film on the 2nd substrate through a low melting point metal, On the IntAluGaO -t-u) N (0<=t<=1, 0<=u<=1, 
t+u<=1) single crystal thin film stuck on the 2nd substrate, at the temperature beyond the melting point of a low melting point 
metal The process which grows epitaxially an InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal, According to the 
process which separates an InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal from the 2nd substrate at the 
temperature beyond the melting point of a low melting point metal Since an InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) 
single crystal is produced as a semiconductor substrate The InxAlyGaO -x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal 
substrate of a practical area in which a crack and curvature were reduced is producible by the low cost. 
[0142] Moreover, the process which forms an IntAluGaO -t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) single crystal thin film in the 1st 
substrate according to invention according to claim 5, The process which separates an IntAluGaO -t-u) N (0<=t<=1, 0<=u<=1, 
t+u<=1) single crystal thin film from the 1st substrate, The process which sticks an IntAluGaO -t-u) N (0<=t<=1, 0<=u<=1, 
t+u<=1) single crystal thin film on the 2nd substrate through the metal Ga of a melting state, On the IntAluGaO -t-u) N 
(0<=t<=1, 0<=u<=1, t+u<=1) single crystal thin film stuck on the 2nd substrate, at the temperature beyond the melting point 
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of Metal Ga The process made to cool without growing epitaxially an InxAlyGa(l-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single 
crystal, and making Metal Ga solidify, According to the process which separates an InxAlyGaO-x-y) N (0<=x<=1, 0<=y<=1, 
x+y<=1) single crystal from the 2nd substrate at the temperature beyond the melting point of Metal Ga Since an InxAlyGaO- 
x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal is produced as a semiconductor substrate There are few impurities and the 
InxAlyGaO-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal substrate of a practical area in which a crack and curvature 
were reduced can be produced by the low cost. 

[0143] Moreover, according to invention according to claim 6, it sets to the production method of a semiconductor substrate 
according to claim 4 or 5, Since the 1st substrate of the above has the coefficient of thermal expansion of the same grade as 
an IntAluGa(l-t-u) N (0<=t<=1, 0<=u<=1, t+u<=1) single crystal thin film An InxAlyGa(l-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) 
single crystal substrate with a practical quality area in which a crack and curvature were reduced is producible by the low 
cost. 

[0144] Moreover, since it consists of an InxAlyGa(l-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal produced by any 1 
term of a claim 1 or a claim 6 by the production method of a publication according to invention according to claim 7 The 
InxAlyGa(l-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal substrate of the large area equipped with grid acjjustment with a 
GaN system semiconductor, thermal conductivity, cleavage, and conductivity can be offered. 

[0145] According to invention according to claim 8, moreover, on the semiconductor substrate of the InxAlyGa(l-x-y) N 
(0<=x<=1, 0<=y<=1, x+y<=1) single crystal of a claim 7 Since the laminating of the GaN system semiconductor laminated 
structure expressed with general formula InvAlwGa(l-V-W) N (0<=v<=1, 0<=w<=1, v+w<=1) containing at least one PN 
junction is carried out and it is constituted, the semiconductor light emitting device which consists of a quality crystal layer 
in which the defect was reduced can be offered. Moreover, an electrode is formed in a substrate rear face and the 
semiconductor laser which has a resonator mirror by the cleavage can be offered. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawi ng 1] It is drawing showing the example of a production process of the semiconductor substrate concerning this 
invention. 

[Drawing 21 It is drawing showing the example of the example of a production process of the semiconductor substrate shown 
in d rawin g 1 . 

[Drawing 3] It is drawing showing the example of a production process in the case of using the 2nd substrate as a polycrystal 
IntAluGa(l-t-u) N (0<=t<=1, 0<=u<=1 , t+u<=1) substrate, 

[Drawing 4] An InrAlsGa(l-r-s) N (0<=r<=1, 0<=s<=1, r+s<=1) single crystal thin film, It is drawing showing the example of a 
production process in the case of making the same all composition of a polycrystal IntAluGa(l-t-u) N (0<=t<=1, 0<=u<=1, 
t+u<=1) substrate and an InxAlyGa(l-x-y) N (0<=x<=1, 0<=y<=1, x+y<=1) single crystal. 

[Drawing 5] It is drawing showing the example of the semiconductor light emitting device concerning this invention. 
[Drawing 6] It is drawing showing the example of a production process of the semiconductor substrate concerning this 
invention. 

[Drawing 7] It is drawing showing the example of the example of a production process of the semiconductor substrate shown 
in drawing 6 , 

[Drawing 8] It is drawing showing the example of the example of a production process of the semiconductor substrate shown 
in drawing 6 , 

[Drawing 9] It is drawing showing the example of the example of a production process of the semiconductor substrate shown 
drawing 6 . 

[Drawing 10] It is drawing showing the example of the example of a production process of the semiconductor substrate 
shown in drawing 6 . 

[Drawing 11] It is drawing showing the example of the semiconductor light emitting device concerning this invention. 
[ Drawing 1 2] It is drawing showing the conventional semiconductor laser. 
[Drawing 1 3] It is drawing showing the conventional semiconductor laser. 
[Description of Notations] 

10 1st Substrate (Single Crystal Substrate) 

1 1 GaN Buffer Layer 

12 IntAluGa(l-T-u) N (0<=T<=1, 0<=U<=1, T+u<=1) Single Crystal Thin Film 

1 3 Adhesives of Organic System 

14 Support Substrate 

1 5 2nd Substrate 

16 Low Melting Point Metal (Indium or Gallium) 

17 InxAlyGad-X-y) N (0<=X<=1, 0<=Y<=1, X+y<=1) Single Crystal Substrate 
20(111) GaAs Substrate 

21 AlAs Layer 

22 GaAs Layer 

31 N-GaN Buffer Layer 

32 N-aluminum0.15Ga0.85N Clad Layer 

33 N-GaN Light-Guide Layer 

34 In0.15Ga0.85 N/In0.02Ga0.98N Multiplex Quantum Well Structure Barrier Layer 

35 P-GaN Light-Guide Layer 

36 P-aluminum0.15Ga0.85N Clad Layer 

37 P-GaN Cap Layer 

38 Protective Layer Which Consists of Si02 

39 The P Side Ohmic Electrode 

40 The N Side Ohmic Electrode 

50 1 st Substrate (Single Crystal Substrate) 

51 GaN Buffer Layer 

52 InrAlsGaO-R-s) N (0<=R<=1, 0<=S<=1, R+s<=1) Single Crystal Thin Film 

53 2nd Substrate 

54 InxAlyGa(l-X-y) N (0<=X<=1, 0<=Y<=1, X+y<=1) Single Crystal 

1 1 1 (0001) Silicon on Sapphire 

1 1 2 N Type GaN Low-temperature Buffer Layer 

1 13.132 Elevated-temperature buffer layer which consists of n type GaN 
114 Si02 Selective-Growth Mask 

1 15.133 n-InO.1GaO.9N crack prevention layer 

116.134 n-aluminum0.14Ga0.86 N/GaN MD-SLS (modulation dope strained super lattice) clad layer 

1 17.135 n-GaN light-guide layer 

118.136 InO. 1 5Ga0.86 N/In0.02Ga0.98N MQW barrier layer 
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120.138 p-GaN layer light-guide layer 

121.139 p-aluminumO.14GaO.86 N/GaN MD-SLS clad layer 

122.140 p type GaN layer cap layer 
123,143 P lateral electrode 
124,142 Si02 protective layer 

125.141 n lateral electrode 

131 (0001) Field GaN Substrate 

[Translation done.] 



http://www4.ipdl.jpo.gojp/cgi-bin/tran_web_cgLejje 



03/08/27 



mB*mmff (JP) (12) & 45 It & ^ (A) <ll)»ffttiH&Bi!#^ 

#182001-7394 
(P2001-7394A) 

(43)&HB ¥^13^1^120(2001.1.12) 



(so inta 7 mmn f i 

H 0 1 L 33/00 H 0 1 L 33/00 

C 3 0 B 29/38 C 3 0 B 29/38 

33/00 33/00 

H0 1L 21/203 H0 1L 21/203 

21/205 21/205 



C 4G0 7 7 
D 5F04 1 

5F045 
M 5F073 

5F 1 0 3 

ol (^19 m) fmm\zm< 



(21)ffl«## 


KBim 1-172495 


(7DUHA 


000006747 










(22) tarns 


¥)&U¥G /1 180(1999. 6. 18) 




*jRlfc*:ffl K*t>Jfi£ 1 T B 3 S 6 <t 








£B 








«StfPAEaK+HiilTB3S6^ #3£ 








^t'J 3-1*3 






(74)ftSA 


100090240 








#a± ** mm 











(54) [lew©**] *mfr&&**v*afmxm*£xwmfrm:m : ? 



o g 



(57) [Sft] 

[Ml Il3HWfcJtflWfc-e&**lI8l, iWMOGa 

[JBft^S] WlO«R5 0{Cln,Al.Ga 
(1 -r-.>N(0 g r ^ 1 . 0£s£l. r+s^l 
AVM5 2*$j$U In r Al.Ga (< . r ..,NJ 
»JS5 2*I n I Al,Ga [) .,.„N(Ogx^l 

y s i . x+y^i ^A&MymiibVisanv-c 

n r Al.Ga (1 . r ..,N#eS»)g5 2*»fJtL. ^2 
3(Cte0ftW6tl/cl n r A 1 ,Ga (1 . r -„N 
*W*S»BI52±K > I n»Al,Ga ( ,.«.,,N(0^x 
il, O^ySl, x + y^l)*BJI54*xt:$* 
-> + ;WSSO. 02©Sffi5 3*>6 I n.A l.Ga 
c , - x - „ N W&Si 5 4 *&m? 5 . 



(b) 



(«) 



{•Or 



>50 



53 

-^S so 



r 



^52 



— 5S- 



Wr— ^.m 



(2) 

1 

innoRi ] miomma n r A l.Ga^.-oN 

CO £ r £ 1 , 0 £ s £ 1 . r + s^l )m*£ H B a ^^^ 
*£lT£Xfl<^ In P Al B Ga cl - P -.,NCOSrSl. 
O^s^l, r + s ^ 1)#*SSW84 I n,A l v Ga 
ci-.-^NCO^x^l. OSySl. x + y^l)mS 

a t mm&imiMz oner* zm2 ossccu o ft w 

SXSi. SI I n r Al,Ga (l . r .„N(0 

s r $ i . o * s < i . r + s^i immgkmmzftM 

VZXmt, f2<Z)IW)WW6n/c I n r A l.G 10 
a C i-r-.>N(0£r£ 1, O^s^l. r + s ^ 1 
MMMlLbK:. In.AUGa cl -.- v ,NC0S;xi 1. 
0£y£l. x + y £ l)*ISa*xt**S/*;Ujfltft 
T^XfMi, SI 2 I n„A 1 v Ga (1 _ x _ v) N 
(0£x£l. OSySl. x + y ^ 1 )#«fi%»Bt-r 
£Xg<b{Cj;D, I n x A 1 V G a ca _ K . v) N (0 ^ x ^ 
1. OSy^l, x+y^l)#M a B B ^**r*l«tl 

[w*a 2 ] i f&m>mmmL<omjffi<c 

^2(7>§S«, ^Sain t Al y Ga (l . t .o 20 

*$L>*C. I n r A 1 ,Ga ( i-r-,) N(0 ^ r ^ 1 , O^s 
£1. r + s^nftSSME ^SIn t Al u Ga 

ci-.-oN(0£ t £ i . o^u^i. t + u^na 

I n „ A l v Ga (1 .». T) N(0^x^ 1 , O^y^ 
1, x + y < 1 )*«S»CDfflfiJE*s-r^rBI— *C&£C£ 

[»«314] Slioafitcl n t A l,Ga (1 . t ..>N 30 
CO £ t £ 1 . O^u^l, t + u < 1 tfUSaflMteJB 
Str-SXSi, 1 n t A l B Ga cl - t -o 

N(0StSl, 0£u£l. t+u^l)*fiftli* 
^BTfSXgi, I nt A l g Ga ( i_ t -u)N(0^t^ 

1 , 0 < u £ 1 . t + u^l )m&gMm&1BM&&M 

ttOtfttfcftfc I n t A 1 u Ga tl . t .u)N(0 ^ t S 1 , 

o ^ u ^ i , t + u < i )#jsa»B±fc. i&n^^js 

CDBk^KiOSS-C, I n x A I v G a (1 . x . ¥) N(0 £ x 
£1, 0£y£l, x + y^l)*B6%xt$^+ 40 
Jlf&g&ZJMt. »20«S^In I Al,Ga 
(1 _ x _ v> N(0^x^ 1 . 0£y£l, x + y£l)i»S 
a*(6ffll^^cDffil^«±<DSSr^l!tT £ Xg t ec J: 

0, I n x Al y Ga (1 .».v)N(0^x^l, 0^y^ 

1. x+y^l)^fl**3^WRiOrf¥«-rsc 

[SM3S5] SHOStRtel n t A l,Ga (M .,>N 

co^t^i. o^u^i, t + u £ i imtis&mmzB 

f&f&Xmt. miomfofrh I n t A l u Ga (l _ t _ u) 

N CO £ t < 1 . 0 £ u £ 1 , t+u^l )^«Sa9R4 50 



«pBB2 0 0 1 -7 3 9 4 

2 

^H-rSXgi. I n t A l u Ga <1 . t -g)N(0^ t ^ 

i. o^u^i, t + u ^ i imm&mmzimwmv 

^JlGa4^L/T^2(DK«K:te0W^SXgi, 3f!2 
CDS«(Cte»5W^6n/c I n.A 1 B G a (1 . t . 0 N CO £ 
t£l. 0£u£l, t + u^ 1 )l|MgaWR±CC, & 
IGa©lt^±©fiSr, I n« A l»Ga tl . x . Y) N 
CO^x^l. 0£y£l. x+y£ nmSIISrxe* 
*S/*JUSfcfiU £JlGa£®@3tfr&Cfta3t!:£X 
Hi, »2©»«3^6 I n,A 1 v Ga C i-».»,NC0^x 
$1, 0£y£l. x + y^Dfffi^IGaOit 
^HiOSar^JirSXSiCCj:"), In.AUGa 
cl . x . v) NC0^x^ 1 . 0£y£l. x + y£l)*MS 

[ »JJ3H 6 ] |||3Ka 4 £ »I»*3S 5 f eig£>¥eg{$g 

«©fl*#©cfct >r % ffllB$ l ommt I n t a i u g 

aci-t-.iNCO^t^l. O^u^l, t + u^l)# 

l3tt©fWH*ffi«cJ:^rf«ll3nft:I n.A l v Ga 
cl . x _v)NC0^x^ 1 , O^y^l. x+y£l)iWS 

a^ hts:hct «kp« <t r €>*zS»sSc 

[ff*»8] W*3B7©I n x A 1 v Ga (a _ x . v) NC0 
^x^l. O^y^l. x + y^l)W a (0*^S 

A UGa Ci-v-.)NC0 ^ v ^ 1 , O^w^l. v+w 
[0 0 0 1 ] 

*»99B, DVD^CDf© 

[0 00 2] 

I n A 1 GaNrSto3hSGaNM^»*l*(Cto 
C^T, MAINa'^?!, ^>€)C>«fg;MGaN/^^ 
7rJB*ffll^citcJ:S*Safi!EfiS*©r»J±i. Mg 

0, WWaoWfeLED^SIfflibSn, 3 6CC» % ^ffl 

{tec bm 6 ttc » 3&«araM««fir ^> u - if #n 

[0003] iC5t, HWC. 

L/3^o. GaNS^itttcti^iHietcsia-ra 



3 

Mg A 1 , 0 4 ^fc'*^. SiC©J;O^GaNS^S 

l$fi3ftTC>&. *<Dtc#>> GaNS^Ift-Cli, iftA 
TOtiM <t *T £¥zgf* U - If , 

[0004]il2 ttlfciR r Applied Physics Letter 10 
s Vo1.72(1998)P.211J CC^£ l^S£*OiS8ffi*36 

[0 00 5] -ratto*. Bl 2©¥i(tu- Ifti^CDJ: 
v^rfSKsntt^, jfe-r. /ss 1 o o~3 o o 
/imcDcooo i)ffi*±ffl<frsi^7T-rr(A i 2 o 3 

1 l±fc> nSGaN3&>6«c*fifi^9 20 
7t»112. nBM>GaN*»6tt*ilM><*:7TJll 
1 SMIt^o &t>*C, nMG a NJ1 1 1 3CDSIMCC 
S i O^tSl, X bU7Vi<D'*Z->ZWV % m 

igffll/cGaNil 1 3 ©SffinfcG a N^ilJRfiSgStf 

^f-^JHaftiffftl^ ^*tfKtJ¥£Jfa2 0 /imCDn^ 
G a N4USiW£7&£U U-lflSftfiSfiflBSS 

[0 0 0 6 ] *LX* *a»*U-1f»JS«, n-.In 30 
dGa^jN^^^ttil 15, n-AU.nGa 

0. . 5 N/GaN MD-SLS(^aU->3>F- 
ymfrMft*)'? 5 v FJB 1 1 6 , n - G a N3fc#V F 
Bl 17, In Dl i,Gao.iiN/In, l0 jGa,,iiN 
MQWr£fflI118, p-A 1 ■.,Ga 0 ..NKffi£»l» 
JUH119. p-GaNlW Fill 2 0, p -A 1 
,, l4 Ga,, l( N/GaNMD-SLS^7*; KB 1 2 

1. plGaN1^6W + t^Bl 2 2#MOCV 

te^O&fflUfcn-GaN/Il 1 3*J<tOWI3n3fk* 
SI 2 5*5<fcCXpffll]mffil 2 3#Rtt6ft&C<fc«:J: 

^f*u~if#ffM3ftTt>£. 

[0 00 7 ] il 2(C7SL/cajRfiRSt7 7"^Jl/Ji£R% 

m^hmui&mx, fia****6«B£ 1 o o o okhbh 
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S^{*U-tfCCj:or, 2 0U 2mwroiWli 

©Sr^wjfBei ooo 0B$BngK*r»tfTt>s. 

[0 00 8 ] Isfrbft&lb. m 1 2<D<fc*>&tfcfc<OGa 

< % U— !fMMmno»S0C«{£3|eC[) A I G a A s 
[ 0 0 0 9 ] B 1 2 OWkWX F ^ 

LTi,>fc a S6CCttGaNlR<b^«J*2»f*OK7>rxy 
tWC0J££ft*ft£, Wftt. SEttte* 

^+»r»«c^o/t. *fc % -fx* 
#s»sft, ^-AjB«^#**ccae>«c^o/c. 
4TW&ttmm.x&z>tc#>. mmmtf>t>nfa*tz> 

<*ft*C£K:ft*K ft#©A 1 GaA s««<DU-1f<D 

[0011] tfy r -Y rlffi^IitOGaN^U 
— WIWco^T, (OOOl)cISiCifii(ll 

i )M fir a i , o 4 wsL*m^ zm^m^z nx i> £ 

ilK SiCHS*ffl^4»^«c», SiCiGaN** 
1 1 ) Ms A 1 ^SS&JB^&ttetci*. V7?4r 

[0012] c<d£5 temmttnmmcimztitcG a 

^«£ H B H /£fiUcG a N^*flfl&2«fr6#ttl/ 
tGaNIi^Sb, GaNlfi*z»f*U-1f*fRRL 
/c*R£fc&$ftTl,>* 0 

[00 13]il3«, Jcffl rjpn.j.Appl.Phys.Vol.37 
(1998)pp . L309-L312 J iCfjk 3 ft XI > £ ^^CDSSfgTfeM 
*SW*U— tf©WfffiB"C*0. B13CD¥S(*U-if 
tt. Bl 2<!:iaa<D«JS©U— tf«JS**GaN*1R±K: 

^Sft/cfc©r*£o 



[0 0 14] -Ttcfefe. si 3©*»*U^1ft*, (0 
0 0 1 )M$S<!:tSGaN^6^l>8 0 Mm<D/P£ 
(DSSl 3 1 _bCC v nKDGaN^e>^^ffl^^T 
■ 132. n - I n,.iGa 0 .»N^7 ? ^KilhJB 1 3 

3. n-Al,. 1< Ga,,„N/GaN MD-SLS 
(^ A U->a>F-^i^7-; FBI 3 

4, n-GaNWF1135, I n 9 . ls Ga 0 .. 5 N 
/ \ n„ . 02 G a o N MQWffittil3 6, p-Al 
,.,Ga,,.NRtteJ«!6±113 7. p-GaNJf## 

FBI 3 8. p-Al 9 . 14 Ga 0 ., s N/GaN MD 
-SLS^7?Fil39, pSSGaN»*>6ft** + 
yzfmi4 0^MOCVDffiCCj:0JB->:aiB3tir^ 

So c©«»sn*:*aw*Ji*y v^tttcF^x** 

x^^>^CCJ:OSmi//cn-GaNlil 3 2te£Vm 
-eftnffiijm®l 4 3fc«fctfpfflJ««l 4 l#KW6>*iS 

[0015] C©<fc5tC, Ml 3©GaNIS», 01 
tf©WMHtl 15-12 2©«*>0ftCGaN»%ttl 
foZWm&£Lr. 8 0 MmCDJI 3©GaNlSilt 

fWStiro*. 

[ooi6] si3 {C7noytasffi»7fea[¥awt u 

°C, 3 0mW»^t?*>, 2 5 0B$lffl*ri*tfro*. 
[0 0 1 7 3 013 OWO J: 5 WSJISfi-bfcG a 
NS¥»Mf<^im S«;fofcGaN*¥3M* 
JB«H*U GaN»5p»fl«fi*fP«rS*ffi»C»< 
oaWBKStlTTC**. «fBB¥7 -2 0 2 2 6 5 

«fB8¥7 - 1 6 5 4 9 8#tCtt t 1f7y >f7l 

GaN*^W*4«SSttyta, /^7rlt«i»* 

[0018] Sfc, WRFP 1 0 -22 92 1 8#«Ctt, 
m 1 ©gfiLBCGa NS*8*«I$ti/cS 1 ©$x 
»2©a«±CCGaN**aW**SfiJEfi^tiA:® 
2©>)x^-i*fflSL 4 »10-)x;wiS2©')i 

Kl,r»»LfcflL «riO«Ri»2©»«i«:WBI» 

56* 4*ffi3»Bis%s tiros. 

[00 19] 
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litLh'sOiSfaiG a N^k^¥«ft©l£jM£fttf 
^IttiftD. GaN*^f*U--tfor>^Sifi«r©<Stti 

sWWSn, COS«*fflOSCi«:<fcDGaN»*ai 

H3MW:3SflHfcr*a*ffi8t. iSaWGaNISM 

«3t*Shrc>tto. 

10 [ 0 0 2 0 ] H 1 3 OCthU/cG a N*«©f¥K*ffir 

WUGaN SrfiRfi-T £ i 2 x>\ - ©K 0 D£fc#>, 

4ttH«r*4. *ttiD%fie*©J:^«:a«OifB»* 
(DSatii, *1IHI(DGaNi4f%ffiHfiC£BiB 
VHb-otc &tc* C©J£D <DtcSblCV7y TStKWB 
©itfir. GaNJBK5a6*ia»A3*i*ft<SrLr. «£S 

20 fcm»fc©r««c*»o/t. 

[ 0 0 2 1 ] Sfc, «BJ¥ 1 0 -22 9 2 1 8-SffcHjTn 
ft© G a N »*SW*B±^flW * £ J: 9 K 0 r *g# L fc 

a, »i©»«4»2©s«4*i»*-r**ffir« % * 
N*j»<fiSfirs4^x^-3&$ss)ft«). -xmmws. 

^-r«, ^x^-^ffirGaN^a»f*H±3&^^tC 

30 mm£?ztc#>. ift©GaNafi*ffi»Ts©fc2Bc 

[0 02 2] & ft % WH¥7-202 2 6 5#. MR? 

7-16549 8-^tc^snrc>sa{B. m 

««©ZnOJ:0ft*A9 7TJIt*»l»36r*<D 
[0 0 2 3 ] C©cfc 5 &fiE*©G a NSM£» 

40 S£Affi». ii5D a D MCDGaN^©^^S^J:^CD 

[0 024] 

[i$^£)s?&ir£fctf>©^©] ±faaw*afiS"rsfe«) 

CC, »3UB 1 » 1 ©S«K1 I n r A 1 , G 

a (1 . r ., } N(0^r^l, O^s^l, r + s ^ 1 )* 
JBft*R*JBflE-rSXg4, I n r A 1 ,Ga {1 . r . tJ N 
CO^r^l, O^s^l. r+s^l )«iHI|t I 
n,A l v Ga (1 .,- v ,N(0£x£ 1. O^y^l. x + 
50 y £ 1 )WtSa^«UK3H^^«^9rftS!P2Cr)S 



«fcttOtfW&Ig£. m\<Dmm>P>\ n r A l.Ga 

(i N(0$ril, 0£s£l. r + s^l)*|g 

B H B i5^£5>{^r£Xll<!:, »2©B«fcte9{W6*ifc 
I n r A l,Ga {1 -r.i)N(0^ r ^ 1, 0£s£l. r 
+ s£l)*IMIW«±fC. I n.A 1 v Ga n .,. y) N 
(0£x£l. 0£y£l, x + y ^ 1 )#tSS*xhT^ 
+J/ + ;US5STSISi, I2©l»6In,A l v G 
a (l _ x . vl NCO^x^ 1, OSySl, x + y^l)# 
M«*»ltT*IH£{cJ:»K In,Al r Ga (1 .,. v) 
N(0£x£l. O^y^ 1 . x + y ^ 1 )flMSS*r¥a» 

[0 0 2 5 ] »3R3I2iBl8a>«Wtt, WsJBI 1 IB 

JSSI n t A l H Gaci-t->NCO^ t ^1. O^u^ 
1, t + u S 1 )«St** C & It^S. 
[0 0 2 6 ] *fc, M3j^3Btt<DAHl*. »J#I2K 
K©*»*a«(DfP»*ffiCC*Jl»r, I n r A 1 ,Ga 
ci- r -)N(0^r^l. 0£s£l. r + s ^ 1 
MM. £*£H.I n.A 1 u Ga cl _ t _ u) N(0 ^ t ^ 1 , 
0£u£l. t+u^l)gfe I n x A 1 y Ga ci-x-v) 
NCO^x^l. 0£y£l. x + y ^ 1 )mtSSOfflJffi 

[002 7] »*3B4fBt8<D*e3«, fH 1 <DS&CC I n 
tAI H Ga {l . t . M) N(0^t^l, 0£u£l, t + u 

n,A 1 u Ga ( t- t -u) N(0 ^ t ^ 1 , O^u^l, t + 
u&l)W6UmtfMlr&lMt* In t Al u Ga 
cl -,.oN(OitSl. 0£u£l, t + u^l)*IS 
HiiS* fiHb^H «^ L T * 2 (D»«tcte 0 W^I 

^2©S««:teOW^6n/cI n t A l u Ga 
u.t.nNfOStSl, 0£u£l. t + u£l)|i*S 
iWMLhfc, (£lBL**«©lll^«±©jattr, I n« A 
l v Ga (1 . x . v) N(0^x^l, 0£y£l. x + y^ 

»ein K Al ¥ Ga tl . x . v) N(0^x^l, 0^y£ 
1 . x + y ^ 1 Wm&*{&WL*&mo)W&M±<Dm& 
Vftmr2>JMt1iC&*). I n„A 1 »Ga ( ,.,. Y) N(0 

< x * i , o < y ^ i , x + y^i ^mm&i^mtm 
[0028] ttc mxm 5 iB$E<Dfgw*, m 1 <omm 

{Cln t Al u Ga (1 . t . H) N(0^t^l, O^u^l. 

t + u £ i )WS B B B 3iii^^-r^xfi<i:, m 1 

WIn.Al.Gac.i.oNCOStSI, 0 ^ u ^ 

i, t + u£i)^MM*#***:DK£, in t A 

l»Ga (1 .,. B) N(0^t^l, O^u^l. t+u^ 

n t A l.Gaci-t-o N(0 £ t ^ 1 . O^u^l, t + 
u < 1 )«Bfi»«±K:. £IG aC0Sl^«±©aS 
■C, I n„ A l v Ga cl .». o N(0^x^ 1. O^y^ 
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Gat«iS^f(C»9S«Igi. SI 2 
I n,A UGa cl ... v) N(0£x£ 1, O^y^l. x 
+ y ^ 1 j|«&MG a OBi^«±cDSSr»Bfr 
£Xf§£K:j;9, I n.A 1 v Ga«t-.-oN(0^x^ 
1. O^y^l. x + y^l)iU H ^^!«il 

[0 02 9] SftJ&efleWDAHti. 

10 8B»l(OK««I n.Al.Gaci-t-oNCOitil, 

[003 0] i*^7BBtt<D%«(*» 

^CCj^TftSiSftfcI n x A 1 v Ga tl . x . v) N(0 < 
x^l, O^y^l, x + y^l)«»^^Ci 

[0 03 1 ] *fe, »*JB8iatt©«W«, 
SRT-rt*. »«S7 0I n x A l y Ga (l ... ¥) N(0^x^ 
20 1.0Sy£l.x + y*l )*»Sii©¥*ftai«± 
fc, 4>fc< it-4<DP-N«^*^H»ai n v A 1 
.GaG-v-.)N(0^v^l, O^w^l. v+w^l) 
Xmt> S ft & G a N ft^fmJRttfitfflM 5 nt»s 

[0 0 3 2 ] 

a. jttl0S«t (««SSS1E) 50CCln r Al.Ga 
30 cl . P . o N(0£r£l. OSsSl. r + s^l)#*S 

MM 5 2«t5SETSXg (HI (a) ) 4 % 

b. I n r A 1 .Ga ( i-r-oN(0 ^ r ^ 1 , O^s^ 
1. r + s ^ 1 )m*SH?£IS5 2£ I n.A 1 v Ga 
{1 .,. ¥5 N(0^x^ 1. O^y^l, x+y^l)#^ 

<B1 <b) ) A. 

c. »10S«C*BB*«)5 03^6 I n r A l.Ga 
u-r-nNCOSril, O^s^l. r+s£l-)tfH? 
H B B «^5 2^g|-riXg (HI ( c ) ) 4 , 

40 d. m2<Dmfo5 3CCteO W^tlit I n r A l.Ga 
ct.r..)N(0^r^l, O^s^l, r + s^l)#*g 
B B B ^5 2±CC, I n.A 1 ¥ Ga u .,. v) N(0^x< 
1. OSySl, x + y^l)W B 54^ib^^> 
t^«Bf«Il (HI (d))i, 
e. i2©lfi53WIn,Al ¥ Ga (1 .«.v,N(0^ 
x^l. OSySl. x+y^ l)WtSA5 4«rANtr 
SIS(B1 (e) ) ^WiC, In,Al v 

Ga (1 . x . ¥) N(0^x^l, O^y^l. x + y^l) 

so [0 0 3 3 ] c cr % i <3D»«c#lsaa«)5 0 A u 
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if? 7^7(0001) cl Wr4T (1 1 
-20) a®, MaA l,0,*b**;U (1 IDE 6 
H-SiC (0 00 1 ) cE 6 H-S i C < 1 - 1 0 
0) mffi«*HKfflflItt , C*5. 
[0 034] Sfc, aOXStCfc^T, In r Al,Ga 
(1 -r.,)N(0^r^l, O^s^l. r+s^l)^*S 

ghmms2<D&&fS l g:ijmtLxtt, mocvd, hv 
pe. MBEm<o^mifi&m«imvi>i>ifi % ±is*S(c 
l»E3*i*t©rB&<, SiolS(W a li)5 0 

CC V I n r A 1 ,Ga (1 _ r .,,N(0 £ r ^ 1, O^s^ 
1. r + s ^ 1 2 C i 

g/c, I n r A 1 ,Ga tl . r . (3 N(0^ r £ 1 . O^s^ 
1. r + sZl)W&&mm5 2Zl&&TZfBilC* Ga 
N*>A 1 Nmo{&U^v7TmZfocWmLX$>mL3L 
Aft<> m®^(4M£a£K)l O^UtgSl 
1d£§ l m<D$mm& I n r A l,Ga { i-r-.,NC0£r ^ 

i. o^s^i, r + s^i )*isar*n«ai>. 

[0 0 3 5] &tc> bOIgfC^r, 92CD1S5 3 

am #*sa*s^ra. **sa®*y 

(6xl0" 6 k- 1 ), *BfiYA 1 dSfi.WSAGG 
G (Gd 3 Ga 5 0 aJ ) *Sl>«, MftMfflB^ I 

n„A l r Ga (1 .,. ¥ ,N(0^x^ 1, O^y^l, x + 

y ^ i )#»ft 5 4 tmmmctjiZ * 5 tcM*4ffl^*ia 

[0 03 6 ] */c. 02©S«5 3fc»9fW*;/7&£ 

ia*r-)x^4JlDil, I n r A l.Gacr.oNCO 
£r£l. 0<s£l. r + s^l)«eg||R5 2i 

ai 2 5 3 1 *mm^xwm&m? zzt tmn 

T?****, c<DXerOlBl©a«5 0<O|»*-*>, d© 
IgroIn I Al l Ga ( i.,.„N(0Sx^l, 0^y 
£1, x + y£ 1)4M&SI5 4 *: XV * + frgUkir 

[0 0 3 7 ] J/c, ttOWJOHtttt, In r Al,Ga 
C i-r-.)NC0i r< 1. 0£s£l. r+s^l)W3 
a»K5 2 <Dgtffi£ffi#, ^2 CDS«5 3 CCSS£KlS£ 

m^d<DJMX(D I n.A 1 v G a (1 . x . v > N (0 £x£ 
1. 0£y£l, x + y^l)$fe B B 5 4^xb^^> 

Kfc , c (DX^rom 1 ©IS 5 0 <D|&£^ d ©XgK 
JuttSIn.Al.Gac.-oNCOSxSl, 0£y£ 
1, x + y ^ 1 )*g fl H 0 5 4^xb'^t^t«^ 

[0 0 3 8 ] ^/c, coxgtcfcivc, snoSfic* 

*Sa»«)5 0«r I n r A 1 ,Ga„. r .,)N(0^ r ^ 
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1. 0£s£l. r + s £l)#t$a8R5 2*>6#tt 
tSJJffiiirtt, fb¥x**>y. ffj^^JPiJtt 

[0 03 9] £/c, dCMDgfcfclrvr, m2cz)S«5 3 
CCH£9tttt6ft/cI n r A 1 t Ga {l . r .„NC0^ r ^ 
1. 0£s£l. r + s£l)<MftB»R5 2±fc, I 
n x Al v Ga ( ,. x . y) N(0^x^l, O^y^l. x + 
y ^ 1 )#Jfea 54^xt^^>t JUSST £ <b L 

io rii, «fCcR^3ti*fc<or««:c^, /*i>£«aj|£ 

J3E*-rSCi^e>, HVPEa^I©MOCVDSf 

[0040]Jt e(DXS«:*5l»r, 1 2(Dii5 3 
^In x Al v Ga £1 .,. ¥) N(0lx^l, 0^y^ 
1. x + y£l)^a5 4£#*r*£tt<hUTtt, 

20 [oo4i]i2^i KTxistti'mxmmoMtitw*: 

nSGaN4Mta»«*f»J0Tlr>6. 
[0 04 2] ^2^r#MT^i, jt^ iES2-r>^CD 
(0 0 0 1 ) cffi1f:7W7»«50±ec % 5 2 0°C"C 

N'<*7y»5 l*tt2 5nm*«U *©f& 105 
OTJCClHaU GaNWS H B B 15 248/zm^IT6 
(02 (a) ) . 
30 [0043]*l^ gI^'ir»^LraitttC 
l/fc*ISaM o!S53iGa N#*Sa5 2 

«BCC»asr*. MR#H»*2 0«E. 1 1 

ooxcc*5i»r, r--j^m», M#£&ffc&^<*-t* 
£ (H2 (b) ) o 

[0 04 4 1 *1^ WBSgB4ffifl3UT. If^r^r 
(0 00 1 ) »«5 0*rffifil»*'rS (H2 (c> ) . 
COB$, GaN^'?:7yJf5 UiMt^l/c^ 

40 oyfcGaN«ea»5 2©ii^wc^y yu>? 

[0045]^ MoSS534HVPEgl« 

^-r^X, nSF-^'>h^CcE3*fta* (S i C 1 
,) 1 0 5 0°Cr^fflL/cGaNmiS H ^li 

5 2©&ffifcnSGaN<M*a5 443 0 0 Mmi?SS"r 

(02 (d) ) o 
[0 04 8]^t, WfiKB*fl6fflUr, MoIS5 
50 3*Wfi»*-TS. 5 BtH0ytGaN#*ga»5 
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4tD^B£affltXK:#y 7t/>yU i¥£ 3 0 0 jxroCD 
nSG a NIKfilfi 5 4 *ffl!tS (H2 (e )). CCD 
£*>&CUT, ^8W*»«iUr, nlGaN$*Silfi 

[ 0 0 4 7 ] H 1 . 02 OfflRIgHrtt, ±i£<DXfl 

HfflW&ffiS© I n K A l v Ga (w . y ,N(0^x< 1 , 
Oiyil. x + y^l)«iS54«S^ 
£<, */c. fg2(DSl£5 3«, MHRffitttfl n x A l v 
Ga (1 .,. v) N(0£x£ 1. 0£y£l. x+y£l) 
*MS»5 4i««HWP'C*n«. *©*Sa*»**FHE 

LGa e »-»-oN(0£x£ 1. OSy^l, x + y^ 
1 )|i&aa«5 4#ffiH<*tiS. 
[0 04 8 ] iC5t 4 ±J4©H1. H2©fai*S6'C 
«, I n x A 1 v Ga (1 _ x _ v) N(0£x£ 1, 0£y£ 

30«teJOT*# I n,A 1 v G a C1 _ x _ v) N (0 £ x £ 
1, 0£y£l. x + y^l)*ea5 4*^K»i 

[0049] c©<t^^rafi*Ha-rsfe«>«ctt % iH2 

CDgffi53£ v I n K A 1 ,Ga (1 .,. ?) N(0 £x£ 1 , 
0 ^ y £ 1 , x + y £ 1 )#^SB5 4 &m«0#t4*» 
6tt&&t£a I n t A l,Ga ( i.t.., N(0 £ t £ 1. 0 
£ u £ 1 . t + u £ 1 )*«<t-r T&*> 

SI2©affi5 3«r**&ai n t A l u Ga (1 . t . u5 N 
(0£t£l. 0£u£l f t + u£ 1 &9tfClr&<Dtfi 
AO. 

[005 0 ] 0 3ttJf*2CD§tg5 3«&«&ai n t Al u 
Ga {M .„N(0S t £ 1 , 0£u£l, t+u£l) 

3<D«rtt, *S»«««iLr, n9I n 0 .iGa 0 . 9 N 
JWaSCtftHLroS. 

[0 0 5 1 ] 03£#MlT£<!t, iter. B!£2-f>*© 
(0 0 0 1 ) cffit^T'fTSKSOiCC, 5 2 0°CT 

;1>#»;^A, ViaiDWfcr^i^At^WLr, Ga 
NMy7 7i5 1*fi2 5nmi»l 4 *0»» 105 
OTJfcffiBU GaNi^llIf 5 2 £8 amltSgr* 
(0 3(a)). 

[0 05 2] »i»r, MH*#y v^yt/trBBfRfc 

Ltc&m&G a Ng« 5 3 iGa N&»aa 5 2 OltM 

2omE, 1 1 oo'ctcfeor, r^-^«fi\ 
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(0 0 0 1 )IS5 0?:iglSn o C©^ GaN 
ZOXWltifteWtSm&L. 3 etc, MlUfcGaNtfttl 

an 5 2 cD^M^^ffit^^c # «; ^ 5/> y*r * <b 3 

(C))o 

[0 054] ^O-C, jttgaG a NS«5 3 ^MOV P 
io JKHfieh iM^;U#y£A. h'jj/^;M>^A, V 
F-^-> h^/xcc*ys/^>4ffifflor. 8 0 0'cra 

ffiO/cGaN**SBJ§5 2©*ffiCCnSSI n 0 .iGa 0 ., 
N**Sfi5 4*2 0 0 MmffiI-rS(i3(d)) 0 
[0 0 5 5 ] Jfcor, VMNHHttflJ Or, ftHMG a 
NS«5 3 4SFSI**r*. £6CC, Iffll/cGaNi 
*Sa»5 4©*ffi*fllffittK:^y 7^1, J¥3#j2 
OOMinOnll n.. l Ga..,N#ISa»E5 4*ff« 
r£(B3 (e)) c 
20 [0 05 6 ] C<0«fc5K: v HSOXeWCCjlWi, SI 2 
©»K5 3;0aHSai n t A l B Ga C i-«-.,N(0St £ 
1. 0£u£l. t+u^DlSt*^ ffiilgiB 

©«ft<>HD#ft<, ^WIi©In x Al v Ga 
«i-.-oNC0£x£ 1, 0£y£l. x + y£l)i£*S 
H B H g«5 4#fPt!{;*ft£ tt «I«73R#H---C*S 

[0 0 5 7 ] iC5t, H3©f¥Kia«-Ctt, SI2<S> 
SS53CC I n x A l,Ga (1 .,. v ,N(0^x^ 1. 0^ 
30 y£l. x + y £l)#*Sa»5 4iBI«a)t«43CP63Cc 
££*Sai n t A l a Ga cl -t->NC0£ t £ 1. 0£u 
£1. t +u£ l)S«£ttflrrSC£te<fcoT. In, 
Al ¥ Ga (1 . x . v ,N(0^x^l, 0£y£l. x + y 

£ i ) wtsaii 5 4 <Dfs&$& 2 omm 5 3 cc <t & 

W»*&< U St£5 3©«Ji!E7C*^*«6«J<5:LTigA 
rS«fc*<E«b/c#, »«ai n t A l,Ga (1 . t .„ 
N(0£t£l. 0£u£l. t+u^l)Ii53^ 
I n« A l v Ga C i_«. v) N(0£x£ 1 , 0£y£l, x 

+ y £ i )^ea@ ± »sa«j£**R& ^tir^ot. 

40 ^2CDS«53<b I n.A 1 v G a {1 _ x . v) N (0 £ x £ 
1, 0Sy£l. x + y£ l)*«Sa»5 4i'C» 1 Ml 

fi£^r, MtmsH^ttMccjiaHr^M 
[0058] cojc^^raHiiaars^ifeKitt. 03 

©f¥HXeWc*$or. I n r A 1 , G a f i-r-t) N (0 £ 
r £ 1 . 0 £ s £ 1 . r + s£l )m«aWJS5 2 , ^ 
tgai n t A 1 .Ga,!.,.,, N(0 £ t £ 1 , 0^u£ 
1, t + u£l)SS53> I n,A 1 y Ga d-K.y) N 
(0£x£l. 0£y£l. x+y£ l)*ISa54©« 
50 ^T^rfpj-tCLT, ^2(Dlfi5 3<b*SaJB5 4© 
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[0 0 5 9] H4ttl n P A l.Gaci-r-.jNCOSri 
1, O^s^l, r + s^l)¥fe^II5 2, ?fij| 
I n«A l.Gac.-t-iNCOi t £1. O^u^l. t 
+ u^l)St£53, I n« A l v Ga (1 . x . y) N(0^x 
£1. O^y^l. x + ySl)*ISfi5 4 0!>fflldE*r 

^xm-t,c?zm&oimxmmzm?mx$>z> 0 ft 

a o . . s N iji&^Se^ff* Ltl^o 10 
[0 06 0 ] 04*#J&T £<t. ifc?\ S&2>f>^<D 
(0 00 1 ) cfflt^T-fTiSSOKc, 520'CC 

jwvv/** vmmmcT^-v&z&mbx, ai 

o.uGa,. ll N/<97ri5 1*»25nmi(fflll l * 
1 0 5 0-C(C#SU A 1 o.isGa 0 .BsN$la^ 
152^:8 MraMt^ (04 (a)) . 

[0 06 «ffi*#y ?5/>^ot*h1*k: 

Ofc^lSBA U.nGa^.sNlKS 3iAI 0 .nGa 
„.,,N#ilSS5 2(D3IS4ffi»i*tf (04(b)) % 20 

&<Dfemx®<mi£vtcVtmx, r^-iu*««:»j*"r 
6. -eur, B3R»H»*2oaff, i l oo-ccc*sir> 

[0 06 2 ] x^r, WBSSK*«fflur. 
(0 0 0 1 ) »£5 o£$Figi&5£*r&o C(DB# V ai 
..,.Ga,. l5 N^977l5 1 ^ffltJSIU/c^ H B B 

OtcA 1 o.is Ga„., 5 N4USAJI 5 2 <B&ffi£flKfflftK: 
#y ^>>^T£ (04(c)) . 

[00831 SCW. A 1 o .is Ga„., 5 NSfi5 3 £M 30 

ovPE£B«:#3iU H^x^tvr^ii 

^{C*yt/7>«:ifflbt, 1 0 5 0"Cr^H3b/cA 
l 0 . ls Gao., 5 NW B 15 2(DiI(CnIA U.i S G 
a 0 . aj N$^54^3 0 0 ^m^« (04 
(d)) 0 

[0 06 4] ^feSA 1 

,.a J Ga JllJ Nifi5 3^Sfg^«. 3 ggtfi 
L/c A 1 0 . ls Ga 0 . ss N^M Q H aJ15 4<D^M^®«CC 40 
# l J^>>^U f3300 Mm©nlAl 5 . 15 Ga 
> . tl NWtSJUNR5 4«ffHr« (04(e)) , 
[0 06 5 ] ±a©«"CW. i LT\ nSA 

U.nGa,.,, NWS *«R*ff £#d£^ 0 tc*K 
mcomtLX, nIGaN¥fe B H iS«S^Cifc 
nSGaN*ttaSK4f¥«-r**ife*. @M 

[0 06 6] *WWKRtLr. nSGaN4M£iiS« 

5tr, as 2 -r (ooon c 

Mlt V y A TUS 5 0 _b&c , 5 2 0 °Cr7K^#*£* t 50 



W2 0 0 1 -7 39 4 
14 

1£$*J2 5 nm*8IU ^<Df£, 1 0 5 0'CK:j«aU 
GaN#ISaiB5 2*8Mm«ES'r* (04(a)) . 
[0 06 7] JK^-C, m s H GaNlS3 3iGaN¥ 

«&S3 2 (04(b)) , wjsttco^S: 

x. ii#i^2oas, 1 lOO'CCCfc^r, T~ 

[0068] x^x, w*asB*«efflur, U^WT 

(OOODlKSOWgiin. COB#, GaN 

B»5 2©^ffi*«ffiKtc#'; ^»^-r* (04 

(C)) O 

[0 06 9]*^ ^GaNlS5 3^HVPE 

(SiCl,)MU s 1 0 5 O'CT&WL/cGa 
NW&Hfll 5 2 (DgtffiCt nSGa N Wttil 5 4*300 
juraJ&ST£ (04 (d)) o 

[oo7oi»^ wm&mz&mbx, m§.Ga 

N»«5 3*WSI»*-rS. 3*>CC. 8fflL/cGaN# 
*SfiJB5 4<D«ffi*«ffi«(c^y y^>^U, J1S3 0 

0 um(Dn^GaN#fe a H il5 4«W^ (04 
(e)) o 

[0 0 7 1 ] C0D<fc9tC, H4©^xeWJCJ:4i«, 

1 n r A 1 ,Ga (1 _ P _ o N(0^ r ^ 1 , O^s^l. r 
+ s^l)«BHW52, «SfiIn,AUGa 
(1 - t _ u) N(0 ^ t ^ 1 , O^u^l, t + u^l)Sfi 
53, I n * A l y Ga ( i.».»)N(0^x^ 1, O^y^ 

i, x + y^ i )«is£5 zoimmwr^xm—xabz 

^^y^O»^*50*HB«3n, 03©ftS?#'£<£ s ) 
fe$e>CC^ a D pW©HfflWftMa© I n x A l v Ga u .« 
_ v5 N(0£x£l, O^y^l. x+y£l)#*SH» 

«5 4 3^ffii!3n4. £tcmm7cm&m-x$>z<Dx % 

[0 0 7 2 ] ±^U/c<fc ^ftg^SJ^ffir 

f¥»Sti/cI n x A UGa„-..v)N(0^x^l. 0^ 
y£l, x + y^l)#ISaS«5 44»«r#<&. * 
CT\ In.AUGad.^NCOSxSl, O^y^ 
1, x+y^l)«ggr5 4^fi1"SIS^ 

[00731 1*^^, GaNI*ifti 

»tt. ««tt*«^/t*ffia© I n x A l ¥ G 

a<i-«_v) N (0 ^ x ^ I , O^y^l. x + y £ l )i£ 
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te&mwiZM&vzz> 0 *fc, jfriosssott* 

r-CT(OOOl) ct **?7>f7 (1 1-20) a 
IMgA 1 ,0 4 XM^ (111)1, 6H-SiC 
(0001) cffi, 6H-SiC (1-100) mfflSJ 

*«ttfflpiffi-c**©"C. S«©M*rfijtcJ:^r, (oo 

0 1 ) c®^ (1-100) mi^iltT-S I n„A 
UGa, 1 . 1 .„N(0SxSl I O^y^l. x + y£ 
i)*ISII»S<fcftS. wioassofctf:? 

?>fr (0 00 1 ) cffi, WvA? (1 1-20) a 

1 MgA l 2 0,Xf*;l> (111)®, 6H-S1C 
(0 0 0 1 ) cKWhlt (0 0 0 1 ) cffl££ 

IitSIn x Al ¥ Ga (a . K . v) N(0^x^l, 0^y 
£1, x + y^ l)^ B H a S«<f:^0, 6H-SiC 

(1-10 0) miSi^ifflt^l (1-100) 
ml^ilitl) I n x A 1 V G a (1 _ x _ v> N (0 ^ x ^ 
1, O^y^l. x + y^l)iffllfii^. 

[0074] J/c, ±j&Ltc£'>< l C{m2 
*lfcIn.Al ¥ Ga ( i — .>N(0£x£l, 0^y^ 
1 . x + y ^ l )i»*gj|£«5 4±CC, ^<ifclo 
©P-N«£*£t*Hfc£I n v A UGaG. ¥ .,)N(0 
^v^l, O^w^l, v+w^l)"C^^^Ga 

a. na»tcstj£LA:«aK:«a^aittisn, p-n& 

ftflMHMMIHBK. *4<tfclo©P-N86t 

$;tfti>o 

[0 07 6 ] */c. JtWB'Ctt, ^ftffeftSR^-OSIK 
tCI n.A l v Ga C i..-y J N(0^x^ 1, O^y^l, 

*z»«t«C-r-5CiK:J:0 ("T&3b%. In x Al ¥ Ga 
ei -.- o N(0£x£ 1. 0£y£l. x + y^l)m*S 
fiS«5 4CCn3S*>pSF-^> h£ F-^T&CtCC 

fcn-A 1 ,. ll Ga.. II N*l6«a«54±CC, n-G 
aN^'^7713 1, n-Al,.,iGa, ll ,N^7»F 
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S32. n-GaNWKB3 3, I n 0 . 15 G a, . , , 
N/I n..„Ga.. i> N^aj|^#F«JKSttli3 4. 
p -GaN^-f KH3 5, p - A 1 „ . 1S G a, . 8J N 9 
7?F13 6, p-GaNtt^l3 7 J&WfcHJi S 

[007 8]flt, COSJS«JSOpSGaN*+ 
^H3 7CD^ffi^6p~A lo.t 5 Ga B ., 5 N^7^Fl 

10 «8snrc»*. cc-c, a»»B©*ifijtt, <i-ioo> 

[0 0 7 9 ] C©«fc5CCU ?^«J6#^J«3ft*C<fcK: 
<£9HttiOfcp -A l 0 . aI Ga,. l} N^7-; FJI3 6*t 
Efifctt* S i 0,*»£ft£«SB3 8jWBfll3*rCli> 
& e *fc* p-GaN**?7 r Jg37±CC«, p«J*- 
5 v*mffi3 9#JgJ$3Jrri>£. */c, n-Al.. ls 
Ga...,N*«JBa«5 4CC«ffi«:tt 1 nW-3»f 

(1-10 0) mI^#HTSCi«:J:otB 
20 JSS*TXl>3. 

[0 08 0] H5©*a«*«**-f«:*JC»r, n-Ga 
NA?7rl3 1, n-Al B . 15 Ga 9 ., 5 N^7'>Fl 
32, n-GaN*^F133, I n„.i S Ga p ., s N 
/I n 0 ..iGa 0 .i.N*M^F*»£ttJ13 4. p 
-GaNWFB3 5, p —A 1 0 .isGa o ., 5 N^7 
*F»3 6. p-GaN + t^B37«MOCVDffi 

ic£*>xife$km&btc. 

[0 08 1 ] £/c, p«J^-5 9*ttS3 9tt> Au/ 
Pt/Ni£JC£*S#U 7 0 0°CCDMffir, 2 0M 
30 i&lLtMlfcc $/c, nflM*-* ?2«S4 0 
Al/Ti*X2»»U mmmLXJ&f&btc. 
[0 08 2 ] H5<D*3»»U— lf«, p*l*-5^1 
S3 9, 9 ^li4 0te«*#EPftn3*i* 

In„. xs Ga«,., 5 N/I n B . 0! Ga 0 . 98 N^HT- 
#F«Jif8SttJi3 4fCWlE*sffiA3n i **';r©ms 

[0083] H5©*W»U— If-Ctt, S&54K, * 
40 FliHHBSOn-A 1 0 .i,Ga,.„N*ISai 
«*flt«L/t:ir»*©r, t7r-fr^GaNl«Sfitffl 

-r^Jt^tit^ ^ sp FJi©A 1 ©«»Jt***< u 
rfcfS»«^K2 5**#A9«:< <> fEot, %<o 

[0084]§6 «*»WCC«S*a(flai«Of6<Dff» 
50 a. WlCDStCWllUHE}! OKI n,A l.Ga 
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»-.-„, N(0£ t ^ 1. O^u^l, t + u^l)i&S 

mmi 2%Bm?z>jM (06 < a > ) <t, 

b . m 1 ©SS(WSaSffi) 1 0 3^6 I n t A 1 . G a 
ti-.-oNCOStSl, 0£u£l. t + u£l)i|«6 
iWBIl 2*»ltr*Xg (06 (b) ) <fc, 

c. I n«A l„Ga<».t-»>N(0£ t £ 1. O^u^ 

1 . t + u * 1 )IUM1UI 1 2 «{gttj££IH 1 6 *^ 
Lr»2©«Rl 5tC|fc9(*WSIS (H6 (c)) 
<b, 

d. 02<Dg&l 5CCte9tftt6ft/c I n t A 1 u Ga 10 
d-.-oNCOStSl, 0£u£l, t + u^l)*B 
afltH i 2 ±oc % {£Rb&&JX 1 6 ©«MiK±©jaKr, 

I n , A l v Ga (1 . x . y) N(0^x^ 1. O^y^l, x 
+ y £ 1 1 7 *X JUJSKSTSXg 

(06 (d) ) 

e. *2OSfil5^In x Al,Ga (1 . l ., J N(0^ 
xSl, 0 < y £ 1 , x + y^l )j&@a 1 7 £<KIfeS 

eoiwieuicDjwc^ii-rftxa (06 

(e)) iHU «1*WCC. In x Al r Ga (l . x . yJ 
N(0^x^l. 0£y£l a x + y ^ 1 )#*SB»fi 1 20 

[0085] CCt, HI ©SftCWttaSft) lOtb 
Ttt, Wt47 (0001) cl t^r-fT (1 1 
-2 0 ) a®, Ma A 1,0 4 ^W (111)®, 6 
H-SiC (0001) cE 6H-SiC (1-10 

o) mwmifigm^mtiib*. 

[0 08 6 ] */c, aOXgfclte^-C, In t Al u Ga 
ct-.jNCOStSl, 0£u£l, t + u£l)#IS 
SUMl 2©IS H W^ffiilt^ MOCVD. HV 

pe, MBEm*mm^m-c&z&, ±%rtmcmj£2 30 

tiZ> bOTtete < % m 1 oli(¥IS B s H lS) iok, 1 
n t A UGaci-t--) N(0 ^ t £ 1. O^u^l, t + 
Dffail 2£&aj£g3i££C£#r#£ 

n t A l,Ga (i .t..)N(0S t ^ 1, O^u^l, t + 
u£ DWNUUmi 2*d»T*t«C, GaN^Al 
N3&©<6»'< -^t «**©ffi©J145tete:«»0 T «>3 

< . » 1 ©£«(4U£hfl£fit) 1 0 Srffiffl 
gU/c*Saif ©SlM/I^ I n t A UGa (1 ., o N(0 ^ 

t ^ i , o^u^i, t + u^i )«isarftntffi 40 

[0 08 7 ]$/c, b(DXg(C*$li-C. 
*SbIS«) 1 0#>6 I n t A 1 u Ga ( i- t -v) N(0 ^ t ^ 

1. o^u^i, t + u^i )$M&&mm 1 2 *#nrr 

ttmtLXte, I n t A l H Ga { i-t-oN(0^ t£ 
1. O^u^l, t+u^l )#*Sa?gM 1 2 *3Ef$» 

tE«ctto#ww*. {k^x^^>^. wazKou&vm 

1 (DSfiC^ISaafi) 1 0 *rtt3cTS*8;«\ « 1 
«(#*Sa*«)l 0£ I n t A l tt Ga (1 . t . u) NC0^ t 
£ 1 . O^u^l, t+u^l )i£*Saif 1 2 £©fUKc 50 



#$§2 0 0 1-7 39 4 
18 

«)i 0*tm?Z1im$ftffittffirc3bZ>ifi. ftM<o 

[0 08 8 ] 35 /c % cOXgtCfc^T, (SRL^IR 1 6 
ilttt, *©BMttM n„A l ¥ Ga c ,-«-oN(0Sx 
£1. 0£y£l. x + y ^ 1 )©/&:Bfig<t, £2© 

*A*M»HW»C*a. £/c, H2<DSSl5iLr 
tt % a©Xgri n,A l v Ga ( i-x-v)N(0^x^ 1, 
O^y^l. x + y^l)ieS%ib'^^tMg 

<, if? wr. si. 5iw*. SMSa. # 

[0 08 9] &tc s d©XgtC*5l,vt: i »2©««1 5 
CCte0ttW6*l/cI n t A hGa (1 . t . u) N(0^t^ 

1, 0 £ u £ 1 . t + u £ 1 )ift@ai*K 1 2±CC, {& 
BL'&£JS 1 6 ©ikj5J£U:©HKT, I n , A 1 v G a 
cl .,. v ,N(0£x£l, O^y^l, x + y^l)#^ 
fll74it^^tMSfifS^ In t Al H Ga 
(l . t . H3 NC0^t^l, O^u^l. t + u£l)#*£ 
BVRl 2B, jgtt&Ml 6±&C&£©r, JS2©Sffi 

15iIn,Al l Ga (1 . M . T ,N(0SxSl I 0^y£ 

1 . x + y ^ 1 1 7 i<D^JK5g^^ J MS a 3 H« 

jsoai^oKSiftw-rcc. *iBffi 1 7 ©isafis*** 

^ »^»|S»JB1 7 Ci*6, HVPEii 

[0090107. 08^06 CC^L/ WPKXgWI©* 

*«tjRriat?*s. 07. 08©xnpjr«, ^a»» 
[009 i ] 07. 0 8^#M-r^<b, aa2>f 

(0 0 0 1 ) clt77^7l«l 0±CC, MO 
CVDStGaNIl 2 4JS8ST&. GaNill2©ia 
fi«, MOCVDffirff^Cl^ 5 2 0°Ct*S^^^ 

GaNl^l 12*10 /im^^Ciaot^ 
Sn^> (07 (a) ) o 

[0 0 9 2 ] #n%©S«9J i 3 1 

4JCGaN^lBaJll 2©*ffi*S«b (0 7 (b- 

i) ) , ^^r, if 77 >rr^«i o^we^grw^ 

m%-?Z> (07 (b-2) ) . 

[0 09 3 ] Xl»r, 1 5iGaN«Sfii 1 

2i*^>^Al 6^?gafT^> (07 (c - 1 ) ) . 
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/cGaN*fe a B ll 2^GaN#fe B a Jll 2Hffi£W> 

[0 0 9 4 ] ««^jr*«i$®£*« l 3 

**»U 3a3*Kl4 4#IBT4 (H8 (c- 
2) ) . 

[0 09 5]*W GaN«iU12t«tl/AS 10 
3BWR1 5*HVPE§S«{cj»j8U, N a #****'J 
TtfZtLX, Slt^CCHC 1 Him 

-/oh^xccea^ia* (Sicu ^fflit, 

1 0 5 0 "CrG a N#*SHJi 1 2 CD^ffitC nIGaN* 
ISill 7£3 0 0/um<DJ?3CU&6T& (08 
(d) ) . 

[0 09 6] $&>~Cs nSGaNSMSBJll 7 
t£E$miR 1 5 £ A >W A 1 6 ©M^aiOfilSCCflD 
MLU *Y>^A1 6^itKSICCL/T^««l 5£ 20 

(B8 (e-D). 0FMES«:tt 
ffiLr, GaN/<9 7 7ill*9fB»*U 

Jf£fa3 0 O/imOnaGaNiSaSfil 7*ffilM" 
& (H8 (e-2) ) . C©<fc5KLT, ^z»*^ffii 
or, nfflGaNm*gfiaS*fP«-r-SC<b3&sr*S. 
[0 09 7 ]i6, 07. H8©fPHXflWC», In 
,Al v Ga (1 . x . v) N(0^x^l, o^y^l, x+y 

< i )«£a 1 7 o*sa«fi»©j&aagr , &&&& 

JSl 6<0»H^**Ctt, I n x A l v Ga ( x-x-v)N(0^ 30 
xSl, O^y^l, x+y£ l)WttJlJll7ttSK 
1 5 <hlS£l/Cl>&l*C!>r, I n, A 1 v Ga (1 .,. v) N 
COSxSl. O^y^l. x+y£ 1>IMIMM17* 
*ffi»Dfc©tCbTfc. <SaJ5SfifflK^6filBL*^)Ill 
60fiH^*-C(D»»H#{c*jWS»ffil 5 <t I n« A 1 v 
Ga (1 . 1 . v ,N(0SxSl, Oiy^l. x+y^l) 

ar 1 7 1 <omm&mcx « * ? ? * o 

IffllOIn l Al,Ga { ,...,>N(0^xSl, 0^y^ 

[0 09 8 ] *fc % m2CDS«l 5 tif>t><D I n ¥ A 1 v G 
a £1 . x -»)N(0 ^x^ 1. OSySl. x + y^l)^ 
*S&JB1 7CD#gt£JS2GDg® 1 5*0Mpr&££tt< 

3* Mb&*06*i£. »2®»ffil5lc« t i£ 

tsa. *tsa. 0gkwmi&mvzz<D-c, mmmvw 

[0 0 9 9 ] &te % ±a*U/cc(DXII (0 6 (c) ) 50 
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fiM££IH l 6 t itHiSft(ft3 o 

fcoGa^'J^A^ffifflU d. e(DX*I(06 
(d) . (e) ) Cctetf£ I n x A l ¥ Ga a . x . v) N(0 
£x£l, OSySl, x + ygl)#fefil7©it 
* + i/*JWa»#>6. »2©»«1 5flO»)»*r*Ga 

[0100] -rfttofe, CflDW^tett, 

a. m<D*t&a£tiU 0(CI n t Al.Ga (1 . t . y| N 

(o ^ t £ i . o ^ u ^ i , t + u^i immamm 1 2 

t»«W*ia (06 (a))4. 

b. $10$£SIfilO^In t Al u Ga (1 . t .o 
N(0£t£l. O^u^l, t+u^l)#fe B H «Il 
2£#8tf £X*I (06 (b) ) 

c. I n,A l„Ga C i-t-.iN(0£ t £ 1, 0^u^ 
1 . t + uSl )¥ttaMM 1 2 &^1flB0£IHG a 

XfS (06 (c))i, 

d. S2 01S1 5{Ctt0ffW6tlfe I n t A l B Ga 
tl . t _ u) N(0^ t £ 1. 0£u^ 1. t + u£l)**S 
■111 2±(C, ilGa (tfVOA) 1 6 0HAEU: 
©Mr, I n„A l r Ga (1 .,. Y )N(0^x^l, 0^ 
y£l. x + y < 1 )«eai 7^xt'^^^tWg 

ZXm (06 (d) ) <t. 

e. »2C0»«1 53&>6I n,A UGa C i.,.v,NC0^ 
xSl. O^y^l. x+y^ 1 )«tSai 7**MG 
a A) 1 6(0fflL^±C0Mar^-r^Xli 

(06 (e) ) i«rWU In.AUGa 
ci-«-oNC0ixS 1. OSyil, x+y^lW 
H»«l 7*f¥»raJ:$tt:tt->TC>S. 

[0 1 0 1 ] C<DJ:5CC, c(DIg (B6 (c))T, 

eabs&m 1 6 <t oxmui&mcms o -c)«:i»**fco 

Ga«fflU d, eCDXII (06 (d) . (e) ) (C 
*jWSIn I Al ? Ga (1 . l .„N(0^x^l 1 0^y^ 
1. x+y^l)ltS6170x^i/t;HSS*) 
6, »2©Ifil50»«j!t*Ga*»iS«Ci 
&<tf«C^ J^CtT&Cir, f&2©St£l 5<t I n, 
A l v Ga ( i.».»,N(0^x^ 1 , 0£y£l. x + y 
^ 1 )*ti»l 7 5^^If^(D» 

[0 10 2] fiH^Hl 6iirffifi§^3 0°C) 
CcM**fcoGa*ttffiU In»Al v Ga (1 . x . v) N 
(O^x^l. O^y^l. x+y^ l)#H6ai 7<Oi 
e**S/*-rt/J«*^6. » 2 <DStg 1 5cD#8t£r£G 
atH8«Ci«t< tf ft 5 »^*#«K:o(,vt« 

h^t^o ft*?, cow*wr», *»«l«<fcor, n 

iGaN$^ 0 ISWI!ltl^o 
[0103] C©ft*«tB, 5fer, 2 
(0 0 0 i icwv-y r JT&fcl 0±CC, MOCVDr 
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GaNil 2 4JSR&r*. Ga NH 1 2<DJ&g(iM0C 

iiiSK/^«:hU^^;i/^y^A, visiter > 

^r^ffiiUt, GaN^-;7rill4»25nm 
iSil, 1 0 50"C«C»U GaNmi 

12*10 /imfiSS-rSCitCAo-CttSn* (H7 
(a) ) o 

[0104] 1 3 i 

4CCGaN*»a«l 2<D«BH*g«0 (H7 (b- 

l) ) . *i»r, if77^7i«i 0 Srffl&StBrWB io 

<H7 (b-2) ) o 
[0 10 5]»^ 1 5 t G a N4M£aB 1 

2£*Ga(#!/SA)l 6tgft5 (H7 (c- 

1) ) o CCt, 8t*jS<klttt, S^S^l 5±(C 
Ga(#';SA)l 6*»&\ 3 6CC*©±CC33#Sfil 
4«:Hit>«WfcGaN*ISJMil 2 *G a N$ffiaJH 1 
2iMGa(^/y^A)l 6ffJ$CUTiStf\ GaC^'J 

A ) 1 6 ©Bk*«±oaaccftHR U Ga(^»J-)A) 

[0106] wwesorwaBsos^w 1 3 20 

*M*U SH«8Mtfli« (H8 (c- 

2) ) o COi*<DiBK«Ga(^»J')A)l 6©HL^« 

[0107] Ga N^tSAIH 1 2 fcSMFUfcS 

5*HVPES3BK:»i£U N,^**t»J 

-/Oh^jcHttfBW (SiClJ fcttfliO-c. 
1 0 5 0'C"CGaN#HSSSSl 2©«ffiCCnSGaN 

7*3 0 O// rnOWS fcfigfi-rs (08 30 
(d) ) . 

[0 10 8]»^ nSGaNTOl 7<DJffigf£» 
Ga(^»^/\)1 6©IfcSJ£U:(D3 5-C$T^aib, C 
CDSS*«^Ur5^»«l 5£#8if£ (H8 (e - 

1) ) . Ofr&ffc W^S*ffifflt/T, GaN^7 
t»11*WM*£U 3 6fc, GaNiMSaJSl 7<D 
*ffi*«ffi«OC!j<y *5/Z/yu il$i^3 0 0 MmCDn 
aGaN*B«HR17*ffK« (08 (e- 

2) ) . COJcSKOT, *i»ftS®<tLT. nIGa 
N*»ftlfi*f«lt4C<!:*Jr*5. 40 

[0109] C©J:5tc, ±S$©cCDXfi (06 

(c) ) -C, <gSu££Kl 6iiriS£W3 0'C) 
CCM-&*fcoGa«ffiflJU d. eOIl (i6 

(d) , (e) ) CCtet't* I n.A 1 r Ga {1 .,. v) N(0 
£x£l. O^y^l, x + y^ 1)**SB1 7CDxtr 
**W^SSRj&»fc* &2©g«U 5^IJt^Ga 

I n» A l ¥ Ga ( i- x .,,N(0^x^ 1, 0^y^ 
1, x+y£ l)«ttai 7CD^ B B e fi5cg*4c5j:0^^ 
<Dtf}%)Mmctel>X ilGa (tfVOA) 16U» 50 
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BWWr**©^ In x Al ¥ Ga (1 .,. y) N(0lx< 
1. O^y^l. x + y^ l)3U@aAl 7tJ^2<DS 

5iM^L/tl^j:^ ^/c«). In x Al Y Ga 
c,...oN(0£x£ 1 , O^y^l, x + y^l)i£*S 

ODSSl 5i I n x A 1 v G a C1 _ x _ v) N (0 £ x ^ 1. 0 
£y£l. x+y^ 1)4U£A«1 7 i<«»IKHfiH»SI 
^J=SJ»S*0^»**^fe<aWftC^r. In. A 
l f Ga,t.,.„N(0SxSl 1 O^y^l, x + y^ 
1 )#*£JIJI 1 7 **fflf K Ut * ? v ^©SS^toJ: 

lWO[n l Al ¥ Ga {1 . l . T) N(0^^1, 0^y^ 
1. x + y^l)**SiW«17*ffll«Cd3&J'r* 

[0110] £/c> J£2<DSt£ 1 5tt, misa. 

a. *an»#«»c»*©'r, nEWoiw 
sea&WR«atR-r«c£^r»«. setc, ^2 

5*»6 I n.A l f Ga (1 .,.„ N(0 ^x^ 1 , 
O^y^l. x + y^l )#tSa« 1 7 *HS2<DS« 1 

06n^ o afc. (Biis^BiK:ett5aR<fcBii;Ga*ffi 
[oiii] */c, ±20fcffi«i«««::bt»-e. wi 

oa«(*J6a*«)l Ott, I n t A 1 u Ga (1 . t _ u) N 
(0 ^ t < 1 . O^u^l, t + u < 1 )#t£aHUR 1 2 

[0112] m i ©ssctuiaatic) i o 

*©±fc*6aJ&BT* I n t A l u Ga (1 _ t _ u) N(0 
£ t S 1 . O^u^l. t+uSl )^easjs 1 2 £ 
JKKSR^K^BieKr*'), I n t A l B Ga C i.t.-,N 
(O^t^l. 0 £ u ^ 1 . t + u £ 1 )WftaSMI 1 2 

3Wjeaajfi-r*fe©r*n«st». GaN©*# 

<&0C«, GaAsWGG (G d 3 Ga ,0*, ) «Wfl«B 
T££ 0 GaAs©«^tt, (100) GaAsM 
?Z>CtV, 4*fiGaN*Sfi!tfil, (111) G a A 

[ 0 1 1 3 ] C©J: ^ 6C % » 1 OS«(^aS«) 1 0 
tt, I n« A 1 u Ga (l . t _o N(0 ^ t ^ 1 . 0^u^ 

i, t + u*i)jm*mmi2tmw&oim9fm 

WUt^iCiWot, mi^Sl 0£©«UKa 
«B»I(C<fc5IntAl B Ga ll . t .„N(0^t^l I 0 
£u£l. t + ui 1 1 2 ©JSEfia<D»ai 

0, ^M^S«tCj:b®WJ¥0^ I n t A 1 „ G a ci-t-u) N 
(O^t^l. 0 £ u ^ 1 . t + uSl )#te B a Q H 1 2 * 
«*r«C£a*C**. ttoT, In t Al w Ga 
u-t-.iNCO^ t ^ 1, 0£u£l. t + u^l)**S 
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km 1 2 *sn <om& i o frhamr &ttmt>m>t&& 
[0 1141*^*1 ©ss i o t®mm%m$m& 

«*WK:Sfii«C-6 I n K A l ¥ Ga cl . x . v) N(0^x^ 
1. 0<y<l, x + y^ DWSBJIl 7», C©^ 
PB©4>fcl> I n t A 1 H Ga fl . t -»)NC0^ t ^ 1 , 0 ^ 
u £ l . t + u £ 1 )W£HIf l 2 ±iuKfi-r *©r , io 

CC, ffi3*K »IOIn x Al Y Ga 

fl .,.„N(0Sx^l l 0£y£l. x+y^l)#*S 

[ 0 1 1 5 ] *fc % * 1 0£«(i|Ugii£fi) lOlt I 
n t A l a Ga fl . t . BS NC0 £ t £ 1. 0£u£l. t + 
u £ 1 )iH*£,Sfi?5JS 1 2 &MUHMM^BI8^*ti 

Atf* a^O±9CC % ffll©8tkl Oilt, G a A s 20 
g&±&CA 1 As^GaAs^flLWrfcfiU 
[0116]*fc, I n t A l u Ga {l . t . u) N(0 ^ t ^ 

i, osusi. t + u^n$m&mmi2<Dmsm 

fi#i£<!:l/TW\ MOCVD, HVPE, MBEmo^- 

<. »l©a«C**SJHIlR)l OCC, In t Al u Ga 
C1 . t - UJ NC0S t £ 1, 0£u£l. t + u£l)#*S 

MHRi 2^*g H B H ^T^ci^r#^ffir*n^ 

[0 117]*^ I n t A l u Ga (1 _ t _ u) N(0^t ^ 30 

l. o^u^i. t + u^i ^mssmm 1 2 tats* 

SWCC, GaN^A 1 N3?©ffifi><*:7yJl^©f6© 
li*5fe«C*«Or4>HU3tit*<, SI 1 ©*«(4M&I1 
S«) 1 0 ^ffifflUr^O/c*S H H B Jl(D^M^^ 1 nt A 

i«Ga C i-t-«jN(0^t i 1. 0£u£l. t+u^ 

1 )«eit*nimc». 

[0 1 18] 09, HlOttHBCC^LfcfHHlSW© 
ft©*<*«*^ , TH , C**. H9. 01O©X*I 

W-Ctt, *3W*a«iLr. nMGaN$M 9 0 H liW 
RLT^4. 40 

[0119] 09. 0 1 O^Mf^i, faf* \MM2 
-Y>^CD(1 1 l)GaAsIS2 0±™OCVDiit 
AlAsI21, Ga A s M2 2 SJIKWcxtr**^* 

mssu cn^SKDigioit^ -eur, c© 

0±«CGaN»l 2«rfiSfi-r*. GaNI 
12©fi8ft«. MOCVDffit?tf&l>, 5 2 0°Cr*m 

*«fflUT, GaN^-;77il l«2 5nm«i 

U ^©f£, 7 5 0"CK:#M&U GaNf^ll 1 * 50 
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2 0//mJSfi-rSCi«:J:or«c3tiS (09 
(a) ) . 

[0120] ;$a>r. &m&<Dmm\ 1 3 1 

4(CGaN^MBJBl 2(D«B«SNIL/ (H9 Ch- 
in > #^t, 7?BWc«K«:iii/, A l Asl2 l 
*»!RW(CXy^>^|»*or, GaAsl«2 0*» 
HT^ (09 (b-2)). 

[0121] Jfclvc, E££ttU 5<hGaN#t£AJRl 
2tGa(//y>A)l 6r^fT-2> (09 (c- 

1) ) o timfimtbXtt. 5±«CGaC* 
y)A)16*Bt 3 6*c*©±{c£8««l 4CCB* 
OfWcGaNfgill 2£GaA sJ|2 2^Ga 
C#y efflJKOTifci* Ga(#y>A)l 6 ©It 
jfflU±oaKfCttgR ^ . G a (# >J * A ) 1 6 *««HXtt 

[ 0 l 2 2 ] *««ffllrW«5R©a»t* 1 3 

3a*aHRi4*»«r-6 (010 (c- 

2) ) B C0i*©fiKttGa(^V)A)l 6 0ft*H 

GaN¥ttl!JBl 2*8»0fc5 
3SS«1 5*rHVPESBBec»jilU N 2 #X£*+'J 
T^ilt, Sfc, KJStfXCCHC 1 IIIJK/S 

h ^^(crataffc^ ( s i c 1 4 ) z&m it , 

1 0 5 0'CCGaN#tSa«l 2(D»CnfGaN¥ 
«j| 1 7 * 3 0 0 ju mteT^ (010(d)). 
[0 124] CM^iC, nSGaN«BSl 7©JSfi 

G a A) 1 6©tt*«±©3 5'C*-C»*P 

U C©fiffi«r^LrS30S«l 5%»)KT* (0 1 
0 (e - 1 ) ) . L^Sa, Lr. Ga 

AsH22, GaN^ 9 77ll 1 *W*I»*0, 36 
CC % G a NSMSHJl 1 7 0ftB*MtBRKtf 'J * ^> ^ 
U JI3**J3 0 0MmOnlGaN$^iil 7«rfP 
ST* (0 10 (e -2) ) o C©£MCUT, 
itiLt, nBGaNWAMMR^fW-rsC^^r 

[0125] 09, 01 otDitmxmmvu. miom 

SI OiLt, (111) GaAsIi20^CA 1 A s 
121, GaA s»2 2«:llB^CcaWLytfc©*«6fflO 
Tte9> AlAsiGaAsi©7?8(CJ:5x?f> 
^©atRtb»*«tC^*l»©r, SSCCA 1 Asl2 1 

*ra©GaN|i*SfiJBl 2 4SSCC, 1/HGaAs 
S«2 0«:ji«T€>Citt<»«-rSC<5:*«r*^. J: 
oT, ^ffiSr, finXhOGaNlfelWnci 

[0126] #*9I-Ctt. ±i« L/3ft«fc ^tt*fW*j*r 
f^l?3n/c I n.A 1 v Ga <t . x . v) N(0 ^ 1 , 0^ 
y ^ 1 , x + y^l )#^ B 3 a S« 1 7 ^ 
Or, In,Al v Ga (1 . K . y) N(0^x^l, 0^y^ 
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[0 1 2 7] *»W-Ctt, GaN^fti 

astt. ^*Mtt. iie«mnoin,Ai v G 

a tl . M . ¥) N(0^x^l, O^ySil. x + y^l)3i 

[0 12 8] *fc, tswrtt, J^ofcJcSOcffiKS 
ft/cl n„A l v Ga {1 .». ¥ ,N(0^x^ 1. O^y^ 10 

1 , x + y £ 1 )$tSiiS#[ 1 7 ±tc, d>ft < £ 1 
©P-N«£££tt--tt5£I n v A l f Ga( t .v.,)N(0 
SvSl, 0£w£l, v + w^l)tib$ni.Ga 

[0129] 4Um*«BR^» t *»ftajlHR^Op 

a. n&JiicttccbAimccffet^Epjkisn. p-ns 

^ittWM, ^<ifelO0P-N^ 20 

[0130]*fc *»9B"C«. ^f*»3feSW-©*1R 
CC I n.A l ¥ Ga {1 ...y 3 N(0^x^ 1. OSySl, 
x + y ^ 1 )#ISaSfi 1 7 *sffll^nt*s 0 % 
^SBlI,«r*S©r, ^^a^^^^U^lf 

*»«fc*4C±«cj:9 (Tttfo*. ln x Al v Ga 
tl _ x _ VJ N(0^x^ 1. 0£y£l. x + y£l)3«S 

[ 0 1 3 1 ] H 1 1 tt**^^******^^^^ 

4*»*U — ifiLTlMtStlTt**. 01 1*#JRW* 

^l!Ucn-GaN¥fe B 0 SS17±^ n-GaN^ 
^7131, n - A l B .iiGa B .,iN^7-; KB 3 

2. n -GaN^V KH3 3, I n,. ls Ga 0 ., s N/ 
I n..„Ga.. iB N*MI^#F«Jt«ttli34 > p- 
GaNTfctf^ KH3 5, p - A 1 0<1J G a, . N #5 » 
KJ13 6. p-GaN + t 77*13 lifim-XmS^titc 

[0 13 2]*0r, C©HJBflBS©pSSGaN + +* 
7'JH 3 7 (D^Mfoh p - A l,. ll Ga,. s .N£'5y KJI 
3 6CDia*$r, H5 umCDmLX b 5 J #^#->£ 50 
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fissnxc**. ccr, mm&ommz. < 1 - 1 o 

0) 

[0 13 3] c©J:5fc»; »yflHW««fiSSn*Ci«: 
J:0»tHL/cp-A 1 DllJ Ga,. l5 N^7? KJI 3 6* 
ffifctt, S i 0,^6«ca«HW3 8*siSBStirc» 

*fc, p-GaN*t^l3 7i«:tt, p»J*- 
;^II3 9«$titl^ B n-GaNf 

fiRsnn^s. c<omm»i'-ir<D%:*m&wte < i - 
i oo) ffiz^mrzcticjz^xxmztix^Zo 
[ o 1 3 4 ] a 1 1 (o^m^ytm^c^x. n - g 

aNA'y7rI3 1 , n-A l 0l ,jGa 9 .,jN^7f K 
H32. n -GaNM>f KJB3 3, In.^Ga,.,, 
N/I n,. 0l Ga B . BB N^M^^flKeiSttJB3 4. 
p-GaN*^Fi35, P - A 1 Ga 0 ., 5 N £ 
7*;Fi3 6, p-GaN+t-^i37tt. MOCV 

[0135] J/c pflB*-5 y*»«3 9«, Au/ 
P t/N i £X2jS!»U 7 0 0TOiat, 2 0^ffi 
«ILt«l/c 9 nW-$^li4 0 

tt. Al/Ti *St£»»U «M!HILT^i!EOfc. 

[0 1 3 6 ] 01 KD^zgttU- 1f«, plll*-S^ 
Hfe3 9. n«J#-5 9^m«4-0CC^I«3WEnai$*i-5 
t s I n 0 ., s Ga 0 ., 5 N/I n 0 . 02 Ga 0 . 9 ,N^li^ 

#FflttiStt» 3 4 fcWbwtA an, * * y rows 

[0 1 3 7 ] C©<fc5fc\ *»9fjrtt, 
fHSSn/c I n K A l v Ga C i-,-y,N(0^x^ 1 . 0^ 
ySSl. x + y^l)#^SS«17±CC, 4>&<£fc 
lo©P-Nft£«rdtlHBK I n v A l.GaG-.-.) 
NCO^v^l. 0£w£l. v+w^l)tib^ 

[0138] 

imW<D®M] feLbtcKM U/cJ: ^CC, «^ 1 IBtS© 
»WtCj:n«, ^lCDSSCCl n r A l.Ga cl _ r . B> N 
(O^r^l. O^s^l. r + s^l M^^MmZB 
J&?ZXmt. In r Al,Ga ca . r . i3 N(0^r^l, 
O^s^l. r + s^l)*i B 0 0 «In,Al v Ga 
cl ... o N(0^xS 1. O^y^l, x+y^l)^jg 
& t JRWaffltt**« «RI»r * ^> » 2 <Dg« tctt 0 W 
^XlSi, il(DlS^In r Al,Ga (1 . r ., ) N(0 
^ r ^ 1 . 0 £ s £ 1 . r + s^l )mt$aWH«^IB 
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tZXmt, »2©»«CC»0ttW6*ifc. I n r A 1,G 
aci-r-.jNCOir^l. O^s^l, r + s £ 1)^ 
H&fiMBiiK:, I n x A l v Ga u . x . ¥) N(0^x^ 1 , 
0£y£l. x + y^l)*g B H B ^f^^tMS 
T£XfI£, »2©*«3^6 I n x A UGa«i... 0 N 
(0 £ x < 1 . 0 * y £ 1 , x + y^l )#tSS*»«r 
^XfliCCcfcO, I n x A l v Ga (l . K . y) N(0^x^ 
1. 0£y£l. x+y^Df^^lSil 

ia©In 1 Al v Ga u .,. o N(0^x^l, 0^y£ 
1 , x + y £ 1 )WttM£#sfW?« &. ^2 

N^iBffiRtfl n x A 1 ¥ Ga (l .. ¥) N(0 £ 
x£l. 0£y£l. x + yg l)»HSfti««BI9r 

*«iRT&C<!:^ fc^ hri n x A 1 v Ga (1 . x . ¥] 
N(0£x£l. 0£y£l. x + y £ 1 ) WWHW 

[0139] £tc, ntt2KMMtmtC*tl\** 20 
m 1 ga«0¥33W*»«©^«*S«:teC>f , ^ 2 (DSS 
tt, *«SIn t Al B Ga tl . t . B) N(0^t^l, 0< 
u £ 1 . t + u £ 1 )«gr**©T\ MU^SH^Mft^D 

E9*«fc<. Xffin&moi n.AUGaa^N 
C0£x$l. OSySl, x+y£l)iWSfl»*&W 

[0 14 0]**:, »«S3BBKO«iaK:J:ti« k if* 

mz imo^mfrMfooimjimc-te^x. i n r a i . 30 

Ga ( i-r-, 5 N(0£ r ^ 1 . 0£s£l, r + s^l) 
Iffli, MUln t Al.Ga ( t. t .oN(0$t$ 
1, O^u^l, t + u^nmfe In x Al v Ga 
tl .«. v> NC0Sx£l. 0£y£l. x+y£l)«B 

©^JB«ftBB»©I n x A UGa (1 .,. o N(0^x^ 
1. OSySl, x + y* 1 )«tSA£fi*sfWC» 

*>ffi«3ft£ 0 40 

CCI n t A l u Ga cl _ t _ u) N(0 < t£ 1, 0£u£l. 

t + usi yMtutim&j&i&riJMt. » 1 <£>s« 

I n t A l«Ga ( ,. t .„)N(0^t^ 1, 0£u£ 
1. t + u^l)«tMKIt«ltr«I8^ In t A 
UGa (1 . t . y) N(0 £ t £ 1. 0£u£l. t + u £ 

i m£&mmzimg&m*ftLxm2o)mmcm 

WHIIi, *2O««tCte0ffW6n/cI n t A 1 „ 
Ga n . t ..,N(0S t £ 1 . O^u^l, t+u^l) 

jwsji»i*±ec. <aa^jMcoii^±coMsr, i n so 
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,A l v Ga ea . a . vl N(0£x£ 1. O^y^l. x+y 
lW^In x Al v Ga tl . x . ¥) N(0^x^l, O^y 

^ i , x + y^i )#tes^iaa^«©ffii*«±©a 

gr#8tT£XfI<h&Cj;0> In x Al v Ga (1 ., vl N 

co^x^i. o^y^i, x+y^ i)m*sa**an* 

jlfflW&ffiao I n x Al ¥ Ga (1 . x . ¥) N(0^x^l . 
0*y£l. x + y£l)*BB»«*fi3^hrfHR 

[0142]$/c KI*3B5l5tt(D«9B«: « 1 
Oi»In t Al u Ga (1 . t . u) N(0^t^l, O^u 

g i , t + usi )*isawR*»idE'r sxgi , m 1 

©H*6IntAl»Ga u . t . o N(0^t^l, 0 £ 

usi. t + u£i)#*s H B a gfli^Sf*r^x?i<b, i 

n t A l u Ga C i-t-«>N(0 £ t £ 1, O^u^l. t + 
l)#*£ B B H SM^?§^^<D^jlGa^/M^r^2 

(DSKccteoffwaxgi, W2©««cctt»3f*w6n 

I n t A l,Ga cl -t-.)N(0£ t £ 1, 0£u£l. 
t + u < 1 >¥tSfiM9t±K:, #KG a©«WgK±©fi 
flTC, I n.A LGa c ,-.-„N(0£x£ 1. 0£y£ 
1. x+y^l)$S a s H ^it^^>tMSl k 
Ga*»H3i*'ftc»iPS-li'SXe<t, »2©Kfi^6 
I n x A l ¥ Ga u . x . ¥ )N(0^x^ 1, O^y^l. x 

+ y ^ i )4tftii*ftiRG a ©i^±©fiarcfl*r 

ZXmttCjz*) , I n x A 1 v Ga fl _ x _ v) N(0£x£ 
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